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INTRODUCTION. 



In the following investigations, a symbol is used to denote every 
element, so that the formulae will be applicable to every gauge, 
and to every section of rail. 

The formulae are based on the assumption that a sufficient 
degree of approximation to exactness is obtained by making the 
sine of the angle of the crossing equal to its circular measure. 
They have been still further simplified by leaving out all 
squares, products, and terms of higher dimensions, of the spaces 
between the centre lines of contiguous rails, when these are not 
multiplied by factors greater than unity. 

All the ordinary cases of junctions, three throws, cross-over 
and through roads, have been discussed, so that no one who has 
mastered the method adopted will have any difficulty in making 
out similar formulae for any special cases which may arise. 
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CHAPTER L 

EXPLANATION OF THE SYMBOLS. 

In order to obtain a system of symbols, which show at once the 
particular crossing to which the formula refers, the rails of 
the branch and main lines are numbered in order. Those rails 
which touch each other have the same number. Thus the 1st, 
2nd, 3rd, (fee, rails of the main line touch the 1st, 2nd, 8rd, (fee, 
rails of the branch. The rails of the branch line give the order 
of numbering ; that rail which is most remote from the centre 
of the branch curve being number one. 

Therefore, in a single-line junction of a single-gauge road, 
the Ist rail of the branch line will cross the 2nd rail of the 
main line ; of a double-gauge road, in which one rail is common 
to both gauges, the 1st rail of the branch line will cross the 
2nd and 3rd rails of the main line, and the 2nd rail of the 
branch line the 3rd rail of the main line. 

In a double-line junction of a single-gauge road, the 1st rail 
of the branch line will cross the 2nd, 3rd, and 4th fails of the 
main line ; the 2nd rail of the branch, the 3rd and 4th of 
the main line, and the 3rd rail of the branch the 4th rail of the 
nudn line ; of a double-gauge road, in which one rail is common 
to both gauges, the 1st rail of the branch will cross the 2nd, 
8rd, 4th, 5th, and 6th rails of the main line ; the 2nd rail of 
the branch, the 3rd, 4th, 5th, and 6th rails of the main line ; 
the 3rd rail of the branch the 4th, 5th, and 6th rails of the 
main line ; the 4th rail of the branch, the 5th and 6th rails of 
the main line ; and the 5th rail of the branch, the 6th rail 
of the main line. 

The symbol c.*" is used to designate the crossing of the m*^ 
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rail of the main line by the n^ rail of the branch, the suffix n 
referring to the number of the branch rail, and the power m 
to the number of the main-line raiL Thus, the symbols de- 
noting the crossings of the main-line rails by the branch rails, 
will be: 

Single-gauge Roads. 

Case L — Single-line junction, c*. 

Case II. — Doable-line junction, e^ c* Ci*, c^ Cj*, c^*. 

DovhU-gauge Hoods, one Bail common to both Boads. 

Case I. — Single-line junctions, c* Cj', c,'. 

Case II. — Double-line junctions, c^* Ci' c/ Ci* Ci®, c,* c,* c,* c,*, Cg* Cg* Cg®, 

1^4 1/4 , 1/5. 

Although in a single-line junction there cannot be more than 
two or three, and in a double-line junction more than four or 
six, branch-road rails, since the branch-road rails after leaving 
the main-road rails which they touch, may cross other roads 
parallel to the first, there may be any number of main-road 
rails. These are numbered in sequence after those in contact 
with the branch-road rails. 

The symbol <v* is likewise used to designate the circular 
measure of the angle of the crossing of the m^ main-line rail 
by the n^ branch-line rail, and also its position on any plan of 
the roads. 

The points, where the centre lines of the 1st, 2nd, 3rd, &c., 
rails of the branch road touch the centre lines of the 1st, 2nd, 
3rd, &c., rails of the main line at the springing of the curve, are 
designated by the symbols Sj, Sg, S3, &c., and the positions of 
the heels of the switches of the 1st, 2nd, 3rd, &c., main and 
branch rails by the symbols Hi, H2, H3, &c. 

The points, where normals through the springing of the branch 
curve and through the heels of the switches cut any main-line 
rails parallel to those, which the branch rails meet at a common 
tangent, are likewise designated by the symbols S^, &c., 
H„, &c., respectively, the suffix m referring to the number of 
the main-line rail. 
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Symbols which have the same Meaninfffor both Single and 

DovHtie^auge Beads. 

E = radios of main-line cnrye. 
r = radins of branch-line onrve. 
8 = interval between the centres of the contignons inner rails of a 

doable line, commonly called the six-foot. 
t = thickness of upper flange of rails, 
c = clearance between the rails at the heels of the switches. 

Special Symbols for Single^auge Beads, 

g = interval between the centres of the rails, which regulates the 
gauge, hereafter called the gauge. 

Special Syrnbolsfor Dovhle-^auge Beads ^ in which one Bail 

is common to both Beads. 

g s= interval between the centres of the rails, which regulates the 
gauge of the wider road, hereafiier called the gauge. 

d = interval between the centres of the two rails which are not 
common to both roads. 

Other symbols occur, which refer to special cases, and are 
explained in the sections, which discuss those special cases. 



CHAPTEE II. 



SWITCHES. 

Section I. — Length of Switches and Position of Heels or Switches. 

It is in practice impossible to use switches of the length theo- 
retically required to make both roads perfect, unless the curve 
of the branch line is very sharp, or is leaving a main-line road 
which curves in the opposite direction. A limit of deviation 
from correct curvature must therefore be fixed upon, and the 
condition which determines the minimum length of switch is 
simply that this amount of deviation is not to be exceeded. 

Whatever length of switch may be adopted, the heel of the 
switch must be in its proper position ; that is, at the point where 
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the distance between the two rails, termed the clearance, is 
equal to the arbitrary amount fixed upon by the engineer. Con- 
sequently, at this point the distance between the centres of the 
two rails must be equal to this clearance, plus the thickness of 
the top flange of the rail ; and the distance of the heel of the 
switch from the springing of the curve is determined by the radii 
of the curve, and the magnitude of these two quantities. The 
formulae, then, will give not only the position9 and circular mea- 
sures of the angles of the crossings, but also the distances of the 
heels of the switches from the springing. The distance of 
the point of the switch from the correct springing of the curve 
will be equal to the excess of the distance of the heel of the 
switch from the springing over the actual length of switch 
adopted. 

Fig. 1 shows the position of the switches in the e^ise of a 
branch road leaving a straight main-line road, where the 
switches are theoretically of correct length. Even in this case 
the point of the switch is at some little distance from the exact 
springing of the curve. For strength's sake the fine end of the 
switch is necessarily made greater than the indent in the stock 
rail usually allows ; it will therefore project a little in front of 
the rail. The greater the amount of projection which may 
safely be allowed, the less will be the theoretically correct 
length of the switch required to make both roads perfect This 
projection is rounded oflf towards the point of the switch, so as 
to appear almost flush at its upper edge, with the face of the 
stock rail at the indent. Let this projection be denoted by the 
letter e. 

Fig. 2 shows the position of the switches when they are too 
short, in the case of a curve leaving a straight line. The hard 
lines show the actusd positions of the faces of the rails; the 
dotted lines the correct positions. The heels of the switches 
Hi Hg are in the same position in both figures, and after 
passing the heels, both roads are laid to correct lines. The 
whole of the deviation in this case must of necessity take place 
in the curved branch line, and will be equsd to the tangential 
offset due to the distance of the point of the switch from the 
exact springing of the curve, less the quantity, e, already ex- 
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plained. If this deviation^ therefore, be denoted by 6^ the tan- 
gential ofi&et at the point of the switch will be equal to 6 -f ^- 

When one curve leaves another, whether the curvature be in 
the same or in opposite directions, this deviation may be divided 
between both roads. The difference, therefore, between the 
theoretically correct length and that actually adopted, may be 
much greater, without injuring the roads to a greater extent 
than in the case referred to (Fig. 2), where the deviation takes 
place wholly on one road. 

From the preceding remarks, we see : — 

That the distance from the springing to the heel of the switch 
is equal, in the case of a curve leaving a straight line, to the 
length of the tangent, of which the offset ia e-\-t; in the case 
of a curve leaving a curve, curvature in the same direction, to 
the length of the tangent, of which, the difference between the 
offsets is equal to e-^-t; in the case of a curve leaving a curve, 
curvature in the opposite direction, to the length of the tangent, 
of which the sum of the offsets is equal to c-^-t 

Also, that the theoretically correct length of the switch is 
equal to this distance, less the length of the tangent, whose 
ofi&et is equal to 6, in the case of a curve leaving a straight line ; 
less the length of the tangent, of which the difference between 
the offsets is equal to 6, in the case of a curve leaving a curve, 
curvature in the same direction ; and less the length of the tan- 
gent, of which the sum of the offsets is equal to e, in the case of 
a curve leaving a curve, curvature in opposite directions. 

Similarly, that the minimum length is equal to this distance, 
less the length of a tangent of which the offset, the difference 
between the offsets, or the sum of the offsets, is equal to 6 -f- ^* 

The radii E, r, are those of the staked-out centre lines. In 
the case of a single line, these may either be in the centres 
of the road, or in the same positions as those of a double line, 
which are always in the middle of the six-foot. In the following 
investigations the exact radii of the curves of each rail are 
necessarily used, but the results are simplified by leaving out 
all products of 8, g, e, t, which do not contain other factors of 
such magnitude as to make the term of importance, and all 
powers of these quantities higher than the first. 
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Distance of the Heels of the Switches from the Springing, 

a. Curve leaving a Straight Line, 
The radius of the curve of the first rail of the branch line is 

r + A, where h cannot exceed g -\--^\ consequently we get 

S. H, r= V2(r + A)(c + /), 
or n^lecting A (<? + t), 

SxH|= 8,H, = S»H,= &c. = V2r(c + /)- 

fi. Curve leading Curve, Curvature in (he same Direction, 

The radii of the curves of the first rails of the main and 
branch lines are R + A and r + A respectively ; therefore we 
have for determining Si Hi the equation 

_L # 81 H|* 8|Hi* 

^■r' = 2(r + h) 2(R + hy 
whence 



The quantity ■d'_ (<' + Js always so small as not 

to affect the result appreciably; hence, neglecting this and 

2K'(e + t) 
j^ _ y . we get 



S. H. = 8. H. = 8. H. = &c. = \/ ^-^±i^ . 

y. Curve leaving Curve, Curvature in opposite Directions. 

The radii of the curves of the first rail of the main line and 
of the branch line are R — A and r -f- A respectively ; therefore 
we have for determining S^ Hi the equation 

8.H.' S.H,« 

^ " 2(B-A)^2(r + A)' 
whence 



S.H. = V g--^ (c + - B + , (^ + 0. 
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The quantity -d , ip + ^^ always so small as not to 

affect the result appreciably: hence, neglecting this and the 
quantity -^T^ > we get 

S,H, = S.H. = S.H. = &o. = \/|^ (^ + <)- 

Lengths of the Svoitches, 

Following the method adopted for ascertaining the distance 
of the heel of the switch from the springing, we get 

a. Curve leaving Straight Line, 



Mazimum length of switch = V^r {aJ c-\-t — tj e). 



MiniTnuTn length of switch = /J2r (^aJ c-j-t — tj e-j- e'), 
fi. Curve leaving Curve, Curvature in the same Direction. 
MaTiTnuTn length of switch = \/ = ('J c-^t — J e). 



/ 2 R r 

MinimnTn length of switch = ^/ = ('J c-^-t — V « + c')* 

y. Curve leaving Curve, Curvature in opposite Directions. 

/ 2 Hr /- 

Maximum length of switch = \/ :^— — ( v c + < — v e). 

^ xv -f- r 



Minimum length of switch = \/ ^— — (aJ c-^t -~ V^H- e'). 

^ B-j- r 

Section II. — Splay of the Switches. 

Switches of the ordinary type in use are made from the rails 
used in the permanent way. In the case of bridge rails of the 
Great Western type, the fece which rests against the stock 
rail is the only one dressed off. K the rails be double-headed, 
or of the Vignoles section, the upper flange not in contact with 
the stock rail must be dressed off, until it is flush with the web 
at the point of the switch, the dressing-off commencing at the 
heel of the switch. We have then only to ascertain at what 
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distance from the heel of the switch the splaying-off of the face^ 
which rests against the stock rail oaght to commence. 

This distance is readily determined when the switches are of 
the correct length, since the splaying-off mnst commence at a 
point, whose distance from the springing is such, that the tan- 
gential offset, the difference between the tangential o&ets, or 
the sum of the tangential offsets, respectively, is equal to the 
thickness of the top of the rail at that point, according to which 
of the three cases it refers, viz. curve leaving straight line ; 
curve leaving curve, curvature in the same direction; curve 
leaving curve, curvature in opposite directions. 

From this we see that the ratio of the splay to ^e whole 
length of the switch will not be the same in the case of rails with 
top flanges, as in that of rails of the Great Western type, since 
in the latter case the thickness of the top of the rail at the 
commencement of the splay will be equal to its full section 
width, but in the former this will be diminished by the splaying- 
off of the flange of the rail not in contact with the stock rail 

WTien the switch is of the maximum, or theoretically correct, 
length, therefore the length of the splayed portion will be, when 
one face only is splayed, 

( Vr- V"e), 

where the factor has the value appropriate to one of the three 

cases already described. Now, since C appears also as a simple 

factor in the expression for the full length of the switch, in each 

of the three cases, whatever may be the radii of the curves, the 

ratio 

length of splayed part JT — V^ 

whole length of switch V^+l - Ve 

In the case of rails with top flanges this ratio assumes a more 
complicated form. If w be the width of one flange, x the dis- 
tance from the heel of the switch, at which the splay commences, 
and w' the diminution in width of the flange at distance x from 
the heel, owing to the splaying-off of the flange not in contact 
with the stock rail, we have for determining x and w' the equa- 
tions 



whence 
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w^ _ C( Vc+ < - Ve) 

u/ X 



Vc+i - JT^ 'Jc + t - vr 



/c~+i - Ve Vc + « - V« 



if we neglect tr' in the expression Jt — ii?' — an omission which 
cannot appreciably affect the final result Hence the length of 
the splayed portion of the switch is 








(V<- 


u/ - 


■V«) = 


\/<(Vc+<- 


V«)- 


-«( Vc 


+ t- 


-^f)-^ 



and the ratio 

length of splayed part 

whole length of switch "" 
\/ < ( Jc-^t — ^e) — w{ tJc-\-t — V7) — 'Je\/ *Jc-^t — Ve 

The width of the point of the switch is equal to the quantity 
e plus the depth of the indent in the stock rail. 

K the flanges of the rails be very narrow, the values of the 
two ratios will not be appreciably different ; but if the flanges 
of the rails be made as wide as some engineers now recommend, 
the difference in the values will be of material consequence. 

When the switches are not of the maximum length theo- 
retically required to make the roads perfect, we may arrive at a 
value of the ratio of the splayed part to the whole length of the 
switch by assuming that the switch and the length of stock rail 
in contact with the switch are practically straight. On this 
assumption, if E be the thickness of the end of the switch, in 
the case of rails with no top flanges, we have the ratio 

length of splayed part ^ < ~ E ^ t 



whole length of switch c + / — E c-\-i 



i 
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¥dthin the prescribed limits of exactness. And in the case of 
rails with top flanges, 

length of splayed part < — «/ — E 
whole length of switch ~ c + « — E 

(c + (Vh^<-/^) 

These ratios are less than those first given. If the ratio of 
the splayed part to the whole length of the switch be less than 
either of these, the switches will not close freely at the point, 
and will be bent towards the middle of the switch in a direction 
opposite to that of the curve, if force be used. In no case, 
therefore, can these ratios be less than those last given. K they 
are greater when the points are closed, the switches, if straight 
on the inner edge, will not touch the stock rails at the points 
where the splaying-oflf commences. Now one switch and one 
stock rail belong to each road ; consequently, if the main line be 
straight, the switch and stock rail belonging to the main line 
must be straight too. In order, therefore, that the switches and 
stock rails may be in contact with each other throughout the 
whole length of the splayed parts, the switch and the stock rail 
of the branch road must be bent, the switch being concave and 
the stock rail convex towards the inner edge. The switches and 
stock rails will thus consist of a short piece of straight towards 
the heel meeting tangentially the curves of the branch rails 
at the heels of the switches, and a short curve sharper than that 
of the branch meeting tangentially the main-line rails at the 
points. If both roads be curved, this bending of the switch and 
stock rail may be divided between each pair. 

In all cases, then, it is best to use the larger ratio first given. 

Section III. — ^Fast Points. 

It is sometimes convenient to use a fast point instead of a 
single switch. When a fast point is used, it must be protected 
by a check rail in the same way as an ordinary crossing. 
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In Fig. 2*9 P is the fast point, H the point where the splay- 
ing-off of the rail commences, and S the springing of the curve. 
If 6, in this case also represent the thickness of the point, we 
have: 

a. Curve leaving Straight Boad, 
Distance of point from springing 



= SP =V2r(c + e). 
Distance of end of splay from springing 

= SH = V 2 r (c + <). 
Length of splayed part 

= PH = V2V(V7+1- V^+1). 

fi. Curve leaving Curve^ Curvature in same Direction. 
Distance of point from sprin^ng 

= SP = /v/ 2Br(c + e) 
^ B-r ' 

Distance of end of splay from springing 

= SH = A/ 2Br(c + 

B-r 

Length of splayed part 



= PH= \/|^{ V7+7-V7+7}. 

y. Curve leaving Curve, Curvature in opposite Directions, 
Distance of point from springing 

= sp = x/HrS+i). 

B + r 
Distance of end of splay from springing 

B + r 
Length of splayed part 
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If the rail be of the Great Western t3rpe it will be splayed off 
wholly on one side ; if it have upper flanges both sides will be 
equally splayed off, and the rail must be bent at the point H 
till the two faces next the flange of the wheel are brought into 
the same line. 

Section IV. — Values of the Constants. 

The clearance e is usually 2' ; it may with safety be reduced 
to IJ". In the case of cross-sleeper roads, if a double-heel 
chair be used, so that this amount of clearance is the same in 
every case, switches of various lengths must be used in order 
to make perfect work. If a separate chair be used for the 
branch road at the heel of the switch, the interval may be varied 
at pleasure, and the same length of switch made to suit a wide 
range of curves. 

The maximum value of e ought not to exceed |", and once 
fixed remains the same for all cases. 

The same remark does not apply to e\ A deviation from 
correct lines is less easily perceived in an easy than in a sharp 
curve, and therefore the greater the radius of the curve the 
greater will be the permissible value of e'. It has already been 
pointed out that a greater value may be given to e' in the case 
of a curve leaving a curve than in the case of a curve leaving a 
straight line. Practically we may suppose the deviation equally 
divided between the two curves, and therefore the value of e' in 
the former case may be double its value in the latter. 

It is only in the case of easy curves that any diflSculty exists 
in the matter of switches. If made very long, they would bend 
in the middle, and be liable to shut and open imperfectly. 
Wide-section rails require and admit of a greater length than 
narrow-section rails. 

The following examples have been worked out to show what 
extent of deviation is involved by adopting switches 22 feet, 
16 feet, and 12 feet long respectively, in the four cases of a curve 
of 60 chains, 40 chains, 20 chains, and 10 chains radius leaving a 
straight road. The maximum length in each case is also given. 
The values assigned to the arbitrary constants are c = 2" and 

ir, t = 2i", e = r. 
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Que L — Radios, 60 chains. 

ou c^ IV'. 

Maximum length = 35 * 75 feet. 

Value of e' : 

^2-feet switch = * 08 
16 „ =13 

12 „ = -16 „ 

fi. c = 2". 

Maximum length = 38 * 85 feet. 

Value of e' : 

22-feet switch = '12 „ 
16 „ = -16 „ 

12 „ = -20 „ 

Ckue n, — ^Badius, 40 chains. 

a. c = IV'. 

Maximum length = 29 * 09 feet. 

Value of e' : 

22-feet switch = *04 „ 
16 „ = -09 „ 

12 „ = -14 „ 

/3. c = 2". 

Maximum length = 31 * 63 feet. 
Value of e' : 

22-feet switch = '06 „ 
16 „ = -12 „ 

12 „ = -17 „ 

Case in, — Badius, 20 chains. 

(I. c= IV'. 

Maximum length = 20*61 feet. 
Value of e' : 

16-feet switch = '04 „ 
12 „ = -09 „ 

i8. c = 2". 

Maximum length = 21 * 38 feet. 
Value of e' : 

16-feet switch = -06 „ 
12 „ = 11 „ 
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Cote IV. — Badins, 10 chains. 

a. c = IV'. 

MuTiTrnim length = 14*55 feet. 

Value of ^ : 

12-feet switch == '03 „ 

p. c = 2". 

Mi^^Tnnm length = 15*73 feet. 
Value of e' : 

12-feet switch = '05 „ 



CHAPTER III. 

SmGLE-GAUGE ROADS: ANGLES OF CROSSINGS AND THEIR 

POSITION. 

Section I. — Single-line Junctions. 

The staked-out centre line referred to in the following formulaB 
is in the middle of the single road. When the staked-out 
centre line is in the same position as that for a double line^ the 
formulae for double-road junctions must be used. 

Case I. — Curve leaving Straight Mood. 

Let (Fig. 3) be the centre of the curve of the branch line ; 
Sg Si the radius passing through the springing of the curve, 
and Ci^ the radius through the point of crossing c^. 

Take for the origin of polar co-ordinates, and OS2S1 for 
the initial line. If d be the angle which the radius vector at 
any point of the straight line S2 c^ makes with the initial line, 
the equation to that line will be 

p = (r - 1) sec. e. 
Also the equation to the curved line Si c^ is 
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Consequently, at the point where these intersect, 

COS. 9 = 75 — --2- 
and 



sin. 9 = -^ — ■ 

Now, since Sg Si and O e^ are perpendicular respectively to 
SaCj^ and the tangent at Cj^, the angle SiOci^ is equal to the 
angle of the crossing. Since, within the prescribed limits of 
exactness, the sine of the angle is equal to its circular measure, 
we have 



c« = 



2V2r^. 



2r + g 
also 

S,<5i» = O Ci* sin. 9 = ^2rg. 

Case II. — Curve leaving Curve, Curvature in (he same Direction, 

Let O (Fig. 4) be the centre of the curve of the main line, O' 
of the branch ; O O' Sa Si the radius passing through the spring- 
ing of the curves ; O c,^ and O' c^" radii passing through the 
point of crossing o^. Since these radii are perpendicular, 
respectively, to the tangents to the two curves at the point c^^ 
the angle O c^ O' is equal to the angle of the crossing. Hence 
if 9 be the angle of the crossing, 

O 0'« = O c/ + O' c/ - 2 O Ci« . O' c* COS. 9, 
or 



^:r7i.= B-| 



+ r+| -2(R-f)(r+|)ooB.9. 



Leaving ^ out of consideration, we get 



and 



^^^- * = o-^D — Tad \ 

2 B r -}- (R — »•) fl' 



.•-Bin 9- 2V2Br(B-r)g . 
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also within the prescribed limits, 

8,c,« = 0c,«Bin.8,0c,« 
Oc^.Cye* 



oa 



siiL O c,« O' 



— sin. 9 



B-r 



= ^/^'• 



Cass HI. — Curve leaning Curve, Curvature in opposite Directions, 

Let O (Fig. 5) be the centre of the main line, and O' of the 
branch ; 83 Si O' the radii through the springing ; O Ci^ and 
0'(Ji* the radii through the point of crossing Ci\ Since Oe^, 
O'e^ are perpendicular respectively to the tangents to the two 
curves at the point ei\ the angle O'c^^O is equal to the obtuse 
angle between the tangents, or is equal to n — 0, if d be the 
angle of the crossing, consequently we have 



O o' = O c/+ 0'c/+ 2 0c*. O' c,« COS. 6, 



or 



(B + r)"=R+|r+r+| 



leaving g^ out of consideration, we get 

2Br-(B + r)g 

2Er + (B-|-r)j, 
and 



2Iir+(R+r)g 
also within the prescribed limits of exactness, 



00' 



sin. O Ci« O' 



— B+; — ^•'' 

^ B + r 
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Section II. — Doubls-like Junotioks. 

Oasb I. — Curve leaving a SiraiglU Line. 

Following the method adopted. Section I., Case I., the equa- 
tions to the straight lines Sji^o Sa^i^ 84 Ci^ (^ig- 6)9 referred 
to the centre of the cnrve as origin, and the normal through 
S1S2SJ1S4, as initial line, are 

To S,c»«,p=(r + 800.9. (1) 

ToS,c»»,p = (r-|-^sec.fl. (2) 

To 84 c/, p = (r - I - y ^ sec 9. (3) 

Also the equations to the curve lines Si ei\ S^ e,^, S3 03% are 

To8|C^p = r+i + (/. (4) 

To8.c*,p = r + |. (5) 

ToS.c*,p = r- i. (6) 

The angle e, between the radius vector passing through any 
crossing and the initial line, is equal to the angle of the cross- 
ing ; consequently to obtain the values of e^, C|', ei\ we must 
combine equation (4) with equations (1), (2), and (3), succes- 
sively. 

From (1) and (4) 

2r-}-2y-}-« 
therefore, leaving out squares and products of a and ^, 

. . . 2V27^ 

Ci = sm. = 



2r-|-2flf + « 
From (2) and (4) 

®^ * = "o To i — ' 

2r-|-2flf-j-« 

therefore 

' 2r-(-2flf + » 



18 SWITCHES A19D CROSSINGS. 

From (3) and (4) 



therefore 



COB. 9 = s , o i > 



2r + 2flf + « 



To obtain the values of c^y e^^ we must combine equation 
(5) with equations (2) and (3) successively. 

From (2) and (5) 

. 2r-« 

COB. 9 = •= -— , 

2r-j-« 
therefore 

Cj = Bm. 9 = -^r \ • 

2r-j-« 
From (3) and (5) 

. 2r-2a-« 

COB. 9 = j5 ^ , 

therefore 

..-ri^fl_ 2V2r(. + ^) 
C-Bm.O- 2r+7^ 

To obtain the value of o^ we must combine equation (3) with 
equation (6), and we get 



. 2r-2flf-« 

cos. 9 = — ■= — 1 

2r — « 



therefore 



Cs 



* = sm. 9 = -z^ ^ ; 

2r — « 



also 



S.c»» = (r + ^ + c,»= V2r^. 



Similarly, 



Ssc,» = V2r(gr + «), 



S,c,*= V2r(2^ + «), 



Ssc,» = V2r», 



S4C8* = V"27^. 
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Cask II. — Curve leaving Curve, Curvature in the aame Direction. 

Following the method adopted in Section I., Case IL, we 
have for determining e^ (Fig. 7) the equation 

(R-r)» = (R + |) + (r + | + ,J 



-2(R + |)(r + | + ^)co8.e, 



whence, neglecting squares and products of a and g^ and the 
products of these squares and products by factors less than 
unity, we get 

coa.9 2Br + (B + r)« + 2rg 
~ 2Br + (R4-r)»+2E^ 

^» _ ri„ 9 - 2V(B-r)g{2Br + (B + r)(«+7)} 
^' -«"•"'- 2Br + (B+r)«+2B^ 



2V2Br(B-r)^ 



2Br + (E + r)»+2Bgr 
For determining e,^ the equation 

(B-r)' = (B-i) + (r + i + ,y 

-2(B-i)(r + | + j,)cos.«. 

whence 

^ 2Rr - (R -r) «+2ra 

ana A ^ i i ! ?1 

2Br+(B-r)» + 2Bflr 



.. -«,•„()- aV(B-r)(« + <7){2BrH- ( B + r)g} 
,. -sm.i;- 2Br + (B-r)« + 2B^ 



2V2Br(B-r)(« + ^) 



2Br + (B-r)« + 2Bflr 
For determining V* ^^e equation 

(E-r)' = (B-|-j/J+(r + | + j,J 

- 2 (b - ^ - gr^ (r + 1 + flf) cos- e. 



O 2 



i 
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whence 

^ fl „ aBr-(B-r)(« + 2g) 
~^ 2Bf + (B-r)(« + 2j^) 



2V2(B-r)Br(« + 2g) 
"' - ■"•" ~ 2Br + (B-r){. + 2j/)' 

For detennimng «y*, die equation 

<«-')'-(«-|)+(' + l)"-K«-5)('+5)«»«- 

whence 

. _ 2Br-(B-f)< 

*^''~2Br + (R-r)» 
«... Bin. fl - 2V2Br(B-r)i 

For determining OiS the equation 

(B-r). = (B-|-,)V(r + iJ 

_2(B-|-,)(r + 0ooB.fl. 

whence 

ooofl 2Br-(B-r),-2rg 
2Br + (B-r)«-2ry 



c* - Bin fl - 2V(B-r)(» + g){2Br-(B + r)g} 
^ Bin.0- 2Br + (E-r)»-2rj^ 

_ 2V2Br(B-r)(«+7) 
2Br-J-(B-r)»-2rj' 

For determining <^^ the equation 

(B-r). = (B-i-,) + (r-iJ 

_2(B-|-,)(r-|)oo6.fl. 
whence 

COB. fl = |4l:Lg±4Lz2B^ 

2Br-(B-J-r)»-2rg 



C* = sin. fl = 2V(B-r)g{2Br-(BH-r)(« + g)} 

2Br-(B + r)«-2rg 

_ 2V2Br(B-f)«y 



2Rr-(B + r)«-2rj' 
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also 



I - w—z • «i 



B — r 



Similaiiy, 



, / {2Br + (B+r)(. + iy)}jy 
^^ B — r 

S.C.' = ^/ {aKr+(B + r)g}(. + g) 
^ B — r 

▼ S — r 

a , ^ /2Br» 



8. V = ^ {2Br-(B + r)g}(» + g) 
^ B — r 

^^ lit — I' 



Oa8S in. — Curve leading Ourvey Ourvaiwre in oppoeUe Direetiona. 

Following the method adopted in Section L^ Case UL, we 
have for detennining e^^ (Fig. 8) the following equation : 

(B + r)' = (B-|) + (r + l + j,y 

+ 2(B-|)(r+i + l,)ooB.9. 

whence, n^lecting terms of the same magnitadci as in Case 11., 

nnn ft 2Br + (B - r) # - 2ry ' 
2Br + (B-r)« + 2Bflr 

2Br + (B — r)«+2By 

^ 2V2Br(B + r)flr , 
2Br + (B-r)«-f-2Bflr* 

and for determining e^^ the equation 

(B + r)« = (B.+ iJ+(r + | + j,J 

+ 2(B + 0(r + i + y)ooB.9. 



J 
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whence 

^ B . 2Br-(B + r)^- 2r(y 
' " 2Rr + (B + r)« + 2B"^ 

^. = «n d = 2 V(B + (^ + ^T2~B M^( B ^)7} 
* 2Rr + (B + r)« + 2Rgr 

^ 2V2"Br(B + r)(iy + ^) 
2Br + (B + r)«-|-2B5r* 

For determining e^^, the equation 



whence 



+ 2(b + | + J/)(»- + | + p)«)b.9. 



^ fl _ 2Br-(BH-r )( »+2g ) 
'^•''-2Br + (R + r)(, + 2fl,) 



= sin. fl = 



_ 2 V2Br(B + r)(g + 2gr) 



2Br + (B + r)(« + 2^) 
For determining e^, the equation 

(B + ry = (b + 0+ (r + |) + 2(B+|) (r + i) cob. 9, 



whence 

^ 2Rr-(B + r)g 

"*"•"" 2Br + (B + r)« 

•^ - ^- " - 2Br + (B + r). * 
For determining Oj^, the equation 

(R + r)' = (B + | + <,) + (r + |J 

+ 2(B + g+<,)(r + i)co8.9, 

whence 

. _ 2 Br-(B + r)«-2B<y 
2Er+(B + r)« + 2r^ 

.«-o;. >»-^(B + r)(«4-g){2Br-(B"^)7y 
^ 2Br+(B + r)«+2r(/ 

^ 2V2Br(B+r)(» + ^) 
2E7+(B + 7yrf2»^ ■ 



also 
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To determine e^^, the equatk)n 

(B + r). = (B+?+j,J + (r-?J 

whence 

^^^ " 2Rr-(B-r)« + 2r^ 

c* = Bin d = 2AB + r)j7{2Br-(K-r)(i> + y)} 

2Br-(B-r)«-|-2r^ 

_ 2 V2Br(B+7)^ 
2Br-(B-r)«-|-2r^* 

(B-l)(.+ l + ,) 

= ^/ {2Br + (B-r)(« + g)}'g 
^ E + r 

^ B + r 

Similarly, 

8.c.« = ^ {2Br + (B-r)g}(« + g ) 

B + r 

= ^/ 2Br(« + g) 
^ B + r 

B -\- T 

^ B+r 

B -f- r 

= ./ 2Br(» + g) , 
^ B+r 

B -|- r 

= V^2B?^. 
^ B + r 
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The formula in Section L, Oase HL, and Section IL, Gase 
ULy may be derived at onoe from those in Section L, Oase IX, 
and Section 11^ Oase n^ by patting B as — R 

Section III. — ^Thskb Thbows. 

Oao L—Mam Line StraigU, Bnmch Boad$ Omvmg m oppomis 

DtreeUam. 

Let Ti, rs be the radii of the roads leaving the main h'ne, 
Ti to the left, ra to the right ; <v , (V » <}» the points, where the 

rails of these roads cut those of the main line and each other 
respectively (Fig. 9) ; Si , S^ being the springing common to the 
two corves. 
From Section I., Cases L and HX, we get 



«r = 



2r, + i7 • 



2V2r,^ 
^r = -ft ; » 



and 



- 2r,r, + (r, + r,)g ' 

8,c, = V 2 fi or, 
I 

SjC, = ^2ug, 



S.c. = S.c.= \/|^. 

Oasb IL — Main Line SbraHgU^ Branch Boada Otirving in the same 

Direction. 

With the same notation as in Case L, we have (Fig. 10) from 
Section I., Cases I. and 11., Ti being > rj, 

2^2r,g 
^" 2TrF7* 



2V2r.flr 

^ _ 2V2r|r,(r, -r,)flr , 
2r,r,-j-(r, -r,)or ' 
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and 



SaC, = ^/2r^g, 



t 



Ti — Tj 



Casi TTT, — Main lAne OumeA^ Branch Boads Owrning in opposUe 

Directuma. 

Let r^ be the radius of the curve, whose curvature is in the 
same direction as that of the main line (Fig. 11). 
From Section I., CSases U. and UI., we get 



^" 2Rn + (R + rOi/ ' 



_ 2V2Rr,(B-r,)gr 
V 2Br. + (R-r.)y' 

2V2r.r,(r> + r,)<y 
"^ 2r,r. + (r, + rO(7 ' 



1 ii + n 

• B — r, 

Cass IV. — Vain Line Ourvedj hoih Branch Boada Curving in the same 

Direction as the Main Line. 

Let ri be > rj, we have (Fig. 12) from Seetion L, Case II., 

c, = 2V2Br,(B-rOgr 
' 2Er, + (B-r,)^ ' 



2V2Br,(B-r,)gf 
V 2Br, + (B-r,)i7' 



Cm = 



_ 2V2rtra ( r, ^ r, ) gr , 
2nr2 + (r»-r,)gr ' 
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and 



/ 2Rr.g 



8| c. = Sa c. 



Oabi V. — Jlfatii Ltne Otcroed, &o<A Broiadk Boada Curving in opposite 

direction to Main Line. 

Let r, bo > ra, we haye (Fig. 13) fjx)m Section I., Oases II. 
and ILL, 

^ , 2 V2Br,(B+70^ 
'i 2Rr, + (E + r,)^ ' 



2V2 Br. ( B + r, )gf 
% 2Br. + (B + rOV 



and 



,^_ 2V2nr,(r.^r,)< y. 






^•%=V- 



2Br,^ 



S»c« = 8,c. = \/ ' * • 

In each of these cases the expression for the distance SiC^, 
SaC^, gives strictly the distance of the crossing c« from the 
springing, measured parallel to the tangent at the springing. 
In practice, therefore, the distance ought to be measured from 
the nearest of the two points Si, S2 to the crossing c.. 

Section IV. — Gboss-oyeb Roads. 

Cross-over roads form a communication between two con- 
tiguous roads of a double line. This communication may be 
established by two reversing curves, which meet at a common 
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tangent, or are separated by a short interval of straight. Since 
an unlimited number of combinations of ciu*ves separated by an 
interval of straight can be adopted for securing a communica- 
tion between two contiguous roads, it is evident that no general 
formulsd applicable to every case can be obtained, unless one 
particular combination be fixed upon: for instance, this one 
might be adopted as the simplest, viz. that the interval of 
straight should extend between the two normals to the cross- 
over road, which pass through the points of the crossings. The 
interval of straight afforded by this, the simplest possible com- 
bination, would be so short as not practically to improve the 
road, and the formulae obtained would not be nearly so simple 
as those obtained on these two assumptions : — 

1st That the reverse curves meet at a common tangent. 

2nd. That the point of contrary flexure is midway between 
the two roads. 

These two assumptions have therefore been adopted. 

Casb I. — Main Line StrcdgJU. 

In order that assumption (2) may be satisfied, both curves 
must have the same radius. Let r be this radius ; Si S2 S3 S4, 
S'l S 2 S3 S'4 (Fig. 14) the points where radii from the centres 
O C respectively cut the rails of the main line at right angles. 
Let the rails Si S3, S2 S\ cross the rails S2 S'29 S, S'3, in the points 
e^ and c^ respectively. 

Since the offset to the tangent to the curve of the centre line 
of the cross-over (shown dotted in the Figure) at the springing, 
which passes through the point, where the centre line of the 
cross-over crosses the centre line of the two main roads (shown 

dotted in the Figure), is equal to — s^ , the distance between 

the springings of the reverse curves, which is equal to the sum 
of the length of these tangents, is equal to 

Since the distance of the heels of either set of switches fix)m 

the springing of the curve is equal to V2 r(c-^ t), if Z be the 
actual lengths of the switches, and D the distance between the 
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points of the switches measnred parallel to the main line, we 

have ___^_ 

D = 2 ^/r{8+g) - 2 {V2r(c + t) - I). 

If the radius r be given, this equation will give the distance 

between the points of the switches. If the distance D be given, 

we have conversely, 

(D-2Q' 



BadiuB r = 



*{V#+i7- V2((; + 0r 



Before we can determine the values of ei\ e^ and their 
position, we must ascertain whether the rails S2 S'3, S^ S3 are cut 
by the curves, whose centres are 0, 0' respectively, or viee versa. 
This will depend upon the relative values of 8 and g. 

Join Oci^ 0'(J2^. Let t^fhe the points where Oi^Cye^ meet 
Sa S'4, 81 S3 respectively. If the rail S2 S 2 be cut by the curve 
whose centre is 0, the point t, where the radius through e^ cuts 
S2 S'4, will lie between the line S, Sa and S3 83. Hence the con- 
dition that the rail SaS'a should be cut by the curve, whose 
centre is 0, is simply that the offset to the tangent to the rail 
of the cross-over at Sa, ¥^hich passes through ^, must not be 
greater than s. If it be equal to 8, c^^ e^ are points of contrary 
flexure. 

The length of the tangent at Sa* whose offset passes through i, 
is to that of the tangent at Si, whose offset passes through e^y 

as r — 5 : f + ^ . Since the length of the latter is equal to 



'/{2r + g)g, 

the length of the fonaer is 

2r-g 



27+^g-^(^r + g)g, 

and therefore the length of the offset which passes through t is 

{2r^gy{2r + g)g_ 2r^g 
{2r + gy{2r^g) 2r + g'^' 

Since s must not be less than this, we get the following 

condition : 

8 =2r - gr 

- must be > jr — t-^ • 
g '^^r + g 
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For all admiflsible yalaes of r and g^ the value of the firaction 

2 f — C7 

18 practically unity; therefore the condition may be 

simply stated as follows : — 

If < be greater than g^ the inside rail of either road will be 
cut by the outside rail of the reverse curye, which starts from 
that road. 

If s be equal to g^ the points, where the rails of the cross- 
over cut the rails of the main line, are practically points of 
contrary flexure. 

If s be less than g^ the inside rail of either road ¥nll be cut 
by the inside rail of the reverse curve, which starts from the 
opposite road. 

We have then different values for Ci and e^^ dependent on 
this condition. 

From Section I., Case U., 





c,« = ci 


2V2rsr 
2r + j/' 


8.C.' 


= S'.c' 


= V2rj,, 



Following the method adopted in Section L, Case I, 



"*-"»- 2r-(7 ' 



S,<H« = %\ci = 2 Vr(« + flf) - V2r«, 



S,Cj»= S'2(;i»= V2r«. 

Casb n. — Main Line Curved, 

Let O (Fig. 15) be the centre of the main-line curve ; O', O" 
the centres of the reverse curves. 

Let the normals O 0'\ 0' cut the rails of the main line at 
the points SiSi|S3S4 and S'iS2SsS4 respectively, and let P 
be the point of intersection of the centre lines of the cross-over 
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and the main road : join O P, O" P, and O' P: the points O', O", 
and P all lie in the same straight line. 

Let the radii O' P, 0" P be denoted by TiyV^y and the angles 
O' O 0", a O", O O" 0' by the letters O, O', O" respectively. 

Within the assigned limits of exactness, the arcual distance 
of P from either springing will be the same, whether measured 
along the centre line of the cross-over or of the main road, 
therefore, 

ZPOO' = ^0', 

but 

ZPOO'+ZPOO" = O'OO"; 

therefore 

rjO' + raO" = BO; (1) 

also 

= 0"- O'. (2) 

Prom (1) and (2) we get 

0'.?^0. 

ri + r^ 

on = KiJ^ o. 

Within the prescribed limits of exactness, the lengths of the 
tangents to the main-line curves and the reverse curve of the 
cross-over, at the points where the normal O O" meets those 
curves, whose offsets pass through P, are equal to each other and 
to ra 0". Therefore the tangential offset to the main line, which 

passes through P, will be ^^ .p , and that to the reverse curve 

,. . Similarly, the lengths of the tangents to the main-line 

curves and the reverse curve of the cross-over, at the points, 
where the normal 0' meets those curves, will be equal to each 
other and to r^ O'. Therefore the tangential offset to the main 

line which passes through P, will be ^ p , and that to the 
reverse curve —^ — . Since the reverse curves meet at the 
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point Py we have these two relations between their offsets and 
those to the main line : 

Offset to curre radios r^ = T^ ~ o£&et to main-line carve ; 

8 I Q 

Offiiet to curve radius r^ = jT -j- o£bet to main-line curve ; 

therefore 

r.O" = »+^-!J^. (3) 

r. O- = (« + ff) + ri^ . (4) 

From (3) 

r.(B + r,)0'« = B(« + !7), 

substitnting for C* its value, 

r, (B + r.) (B - r,)« ()• = B (r, + r,)» (« + <,). (5) 

From (4) 

r,(B-r.)0"' = E(8+j,), 

substitnting for O"* its value, 

r, (B, - r.) (B + r,)« 0» = E (r, + r.)« (« + g). (6) 

From (5) and (6) 

B(r. + r.)«(g + g) 

"^ - r, (B + r.) (B - r.)« 

B(r.4-r, )'(<. + g) 
r.(B-r.)(B + r.)'* 

Therefore 

r, (B + r.) (B - r,)« = r, (B - r.) (B + r.)* 



B + r, B - r, 

Br. Br. 

•■■ = B-2r.' '^'^B + 2;; W 



Q^ 2Vr.(« + y) ^ 2Vr.(«. + y) 
VB(B-r.) V^B+r,) 



B'0» 

r, = 



(6) 



'■•-4(« + j,) + B0' ^"^ 



'-4(« + <,)-B0'" 



W 
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When either radius is giyen, formulad (a) and (b) will give 
the other, and the angalar intervals between the springings of 
the corres; when this angular interval is given, formnlsB (c) 
and (d) will give the radii. It must be carefully noted that rs 
is the radius of the reverse curve, which curves in the same 
direction as the main line ; ri that of the reverse curve, whose 
curvature is in the opposite direction. 

The circular measure of the angular interval O, in terms of 
the linear distance D between the actual points of the switches, 
is given by the equation 



«o = ^+\/|^.(^+') + VIt^(''+^) - 2^ 



smce 



= ^ + 2«^V2^-2'' 



r, ^ r, _ BO* 



.-. = 



(0-20^(^+7) 



R{V«+sf- V2(c + o} 



Let Ci^ e^ be the points where the rails 82, 82, 83 83 of the 
main line are cut by the rails 81 S3, 82 84 of the reverse curves 
respectively. Before the values of ei\ C2 can be obtained, it is 
necessary, as in Case I., to ascertain by which of the reverse 
curves the rails 82 8^2 and 83 S3 are cut. 

Let 0"ci^ O'ca^ cut the rails 82 8'*, SiS'g in the points f, t' 
respectively. The conditions, that tf\ t' should lie between the 
rails 82 8^2 and S3 S3, are manifestly, that the offset to the 
tangent to the reverse-curve rail at 82, which passes through <", 
should not be greater than a, plus the offset to the correspond- 
ing length of main-line curve, and that the offset to the tangent 
to the reverse curve at S3, which passes through (^ should not 
be greater than a, minus the offset to the corresponding length 
of main-line curve. Now the lengths of the tangents at 82, 83 
whose offsets pass through f, t are to the lengths of the tan- 
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gents at Si S 4 whose offsets pass through Oi and c^ respec- 
tively, as ra - I : ra + |, and as n - I : n + |; and the 
lengths of the latter are, Section L, Cases IL and IIL, 



J^^llll and ./Mm. 

Now, within the limits of exactness specified, the tangential 

o&ets to the curves, radii ra ± ^ and Vi ± ^, will be the same 

as those to the curve, radius ra, the length of the tangent being 
the same in each case. We may also use B, the radius of the 

centre line of the space between the two roads, for R ± [. ■ 9 

the radii of the centre lines of the two roads. Therefore the 
tangential offsets to the reverse curves, which pass through {' 
and ty are respectively 

/2^j-_^Y ^^ and f^lL:iI\" ^^ • 

\2r, + gJ R-r, \2 r, + gj li + r,' 

and the tangential offsets to the main-line curve, which pass 
through f {y are respectively 

/ 2r.-(y Y ^'^ and / ^r.^^y y ^>^ 

V2r, + ^yR-r, . \^r, + g) -R + r, 

Consequently we must have 



and 



V2n + (7y U + r.-'-R + r,;^' 






or 



I = / 2 r, - ^ Y = / 2 n - ^ Y 

g^\2u + g) >V2r, + ^;- 

Hence the same remarks apply in Case IL as in Case I. We 
have therefore 
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a. 9 "^ g. 



,_ 2V2Bf,( B-f.)g 
"' - 2Br, + (B-r.)j/ 



_2v'2Br,(B + r,)flr 
"^ '2Br, + (B + r.)</ 



/IBM 

fi' ,. - . /Mm 

S'.c* = \/^r7^ (2 V"M^ - ^rT-g), 

/8. » < ff. 

, 2V2Br.(B + r.)« 
2Br. + (B + r.)« ' 



, ^ 2V2Br. (B-r.)> 
*• 2Br, + (B-r,)« ' 



„ /2Br.<. 

R' .» /Hm 

Since ^k— 7 — = 5—^ — , the valaes of e', e^ given in (a) and 
xl -(- ri iC — r2 



(j8), show that 
and also 



c,« = c« 



S. e* = 8', c» 
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Section V. — Through Roadb. 

Through roads are those, which form a communication be- 
tween two roads separated by one or more intervening roads. 

Both the roads connected, and those crossed, are supposed 
to be parallel to one another, and are for distinction's sake 
called main roads. 

As in the case of simple cross-over roads, an endless com- 
bination of reverse carves meeting at a common tangent, and 
of reverse carves separated by an interval of straight may be 
formed. Only two cases are investigated : 

1st. Where the interval of straight commences at the point, 
where a rail of one reverse carve first cats a main-road rail, 
and continaes, antil it reaches the pomt, where a rail of the 
other reverse carve first cats a main-road rail. If a be not less 
than ^, these points will be where the throagh road cats the 
rails of the roads, between which the commanication is esta- 
blished. If a be less than ^, where the throagh road cats the 
nearest rails of the intervening roads. 

2nd. Where the reverse carves meet at a common tangent, 
the point of contrary flexure being midway between the two 
roads. 

Case I. — Main Boada Straight: Beverse Curves separated by an tn- 
tervcU of Straight^ which extends from extreme crossing to extreme 
crossing. 

Let there be n intermediate roads : let (Fig. 16) 
and 

St at at at at at at at at at 

lOtOsD4 ^Sm-l-l ^tm + t '• ^ 8i«+ 1 ^ a« + t O t,^.t O 8,^.4 

be the points where the normals throagh the springing of the 
reverse curves cut the main-road rails : also let the points, where 
the rails of the main road are cut by the rails of the through 
road and the circular measures of the angles of the respective 
crossings be denoted by 

-t-8^4 ^tm+l^Sm-l-S ^8«-fl^t«-ft 

(/| i/| i/| • • i/| i/| • • i/| i/| 

>.»/.4 ^Im+l ^Sm-I-S /.«ii+l ^81 + t ^«« + t 
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Since these angles are equal to each other, the radii of the 
reverse cnryes are equal, and therefore the distances of the 
points, where the rail Si 8',,^., cuts the rails of any interme- 
diate road from the line Si S,,+4 will be equal to the distances 
of the points where the rail S,S'„+4 cuts the rails of another 
intermediate road, similarly situated with respect to the roads, 
between which communication is established, from the line 
S'l S', , ^. 4 . Consequently 

a ^tm + t ^ at ^%in^m+l) + l 

a -tw + t^ar ^8(«-m+l) + l 

Oiiw + f V« — Of(„_„^l)^l Ci 

a . f»*m+l _ Of >.a(«-« + i) + « 

Pi«+l ^l — Oa(ii-m+l) + tCB 

and manifestly 

The interval between two crossings of any the same main- 
road rail is equal to the gauge multiplied by the cosecant of the 
angle of the crossing, and is therefore the same in every case ; 
also the distance, measured parallel to the main roads between 
the points, where either rail of the through road cuts any two 
rails of the main roads, is equal to the distance between 
those rails multiplied by the cotangent of the angle of the 
crossing. 

Let r, 6 denote the radius and circular measure of the angle 
of the crossing. 

a. s"^ g. 



sm. e = = -^ — p— ^ , 

2r + g 



cosec. e = 



sin. 2 V"27^ 



. ^ V 1 — sin.* e 2 r — a 
cot. = - ^ 



sm.0 2A/2rg 
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= V2r^+ {iii« + (ni- 1)^} cot. e. (1) 



= V2r^+ {m^+ (w — 1)^} oot.d — g ooeec.e. (2) 



= V2r^ + m(« + <7)cot. e. (3) 

Oam + t «^ — Ot(«->«-f 1)4*1 ^1 



= V2r^ + iii(« + ^) cot — ^ 00860. e, (4) 

The total distance between the springings of the reverse 
curves is equal to 

+ B cot. — gf oosec. -|- Sj Ci*, 

or expressed in terms of the radius this interval is 

g^^T^ I [{n+l)B + ng}{2r-^g) g{2r + g) 

2^2rg 2^/2rg ' 

whic& is equal to 

{(n+l)8 + (n + 3)(y}/7 {n+l)(8 + g)g 
V2g 2^2rg 

The term ^ *" >^_i_3^^^ is less than ^, whatever the gauge 

2 V 2r^ 

may be, unless n exceeds 10 (a case which can hardly occur in 
practice) for minimum admissible values of r. A deviation 
fiom exactness of this amount, in the expression for the total 
distance between the springings of the reverse curves, will not 
appreciably affect the value of r when determined from the 
known interval between the points of the switches, conse- 
quently we have 

2g(p^2lf 



r = 



{(n + l)s + {n+S)g - i^ gie + t)}* 
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fi' •Kg- 

„•„ fl - fl - 2 V'27i 

2r — ^ 
1 2r^g 

sulO 2V2r« 



oot. e = 



V 1 - Bin.«e 2r-^-2# 



«^- ^ 2 V 277 

= 8» Ci* — • cot. e 

= 8, c,* + ^ ooeec. e — # cot. 

= V 2 r 8 -{- ^ coeec 9 — 8 cot. e, 

= V 2 r « + (m — 1) (« + ^) cot -{- ^ cosec. a (1) 

= V"27i 4- (m - 1) (« + ^) cot. e. (2) 

= ^ ^rs-^- [{m'-l)B-\'mg} coi.Q'^'g QOB&a.e. (3) 

0»iiiiftC| — Dt(«.m4. 1)4-1 ^1 

= V2r«+{ni — l.^-f"***^} cot 0. (4) 

The total distance between the springings of the reverse 
curves is equal to 

8,.+. Ci«-+« + S'„+, Ci-+« = S,,+, c«-+« + g cosec. e + S, c,«, 

or expressed in terms of the radius this interval is 

2^27^ I Kw"^)^ + w^}{2r-28-(y} g{2r^g) 
"*" 2V2r» 2V2r# * 

which is equal to 

((n+8)s + (n+l)y}V7 _ 2(n-l)a' + (3ii-l)fy + (ii + l)^ 

/27 2V2r« 

Neglecting the fraction, whose numerator is the sum of 
squares and products of s and g^ we get 

28(D -2I)« 



r = 



{(i, + 8)# + (ii + l)^-4Vs(c + 0}* 
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If in equations (1), (2), (3), and (4), in (a) and (^), we 
substitute for m successiye values 1, 2, 3 . . . &c. ... n, we shall 
obtain the distances of the crossings of the Ist, 2nd . . . &c. . . . 

2 n — 1^ and 2 n^ rails of the n intermediate roads from either 
normal line ihrongli the springing. And if in equation (3), 
in (a) and (^), we substitute (n + 1) for (n), we shall obtain 
the distance of the crossings c/*'*'" and e* from the lines Si S|,^4 
and S'l S',,+4 respectively. 

Casb n. — Ifaiii Boada Straight: Beverae Curves of Through Boad 
meeting ai a common point of contrary fleamre, midway between the 
two roadSf between which communication is established. 

Since the reverse curves meet at a common tangent, midway 
between the outside rails, their radii are equal ; consequently, 
the distances from either normal of the points, where the inner 
and outer rails of one reverse curve cut the rails of the main 
road, are equal to the distances from the other normal of the 
points, where the corresponding rails of the other reverse curve 
cut the main-road rails similarly situated. 

Since the total interval between the centres of the two out- 
side roads is 

{n + l){s + g), 

the total distance between the normals through the springings is 



2^/(n+l)r{s + g\ 
and therefore 



4{V(n+l)(« + ^). V2(c + 0}'* 

li^t the symbols in Fig. 17 have the same value as in 
Fig. 16. Whatever may be the relative values of a and ^, 
except as regards the two middle rails, we shall obtain by 
following the method pointed out, Section I., Case I., 

^ 2V2rgf 



_ 2^ 2rm(s + g) .^. 
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gim+l « ^S(«-»-|.l) + S 



^ 2V2r{mf + (in-l)y} (2) 

2r-flf 



gi"» + t — ^i(«-«+i) + i 



^ 2 V2r{mf + («»+l)^} 
2r-flf 



(3) 



^i«i + t _ ^t(«-iii+l) + i 



Also 



2r-gf 



(4) 



= V2r^. 
S..+S ««•• + » =8'.ci» 

= 2 Vr(n+1)(«4-^) - V277. 

For the distance of the crossings of the first n — 1 or n rails 
of the intervening roads from the normal line Si • • • St,^4, and 
of the last n — 1 or n rails from the normal line S'l . . . S',„+4 



= A/2rm{8 + g). (5) 



= V2r{m« + (m-l)^}. (6) 

a ^tm+8_a'^ ^i(«-m+l)+l 



= ^2r{m, + {m + l)g}.^ (7) 



= V2rm(» + ^). (8) 

For the distances of the crossings of the last » or n — 1 rails 
of the intervening roads from the normal line Si . . . S,.^4, and 
of the first n or « — 1 rails from the normal line S'l . . . S',,^., 

= 2Vr(n + l)(«+^) - V2r(n-«i + l){« + ff). (5') 
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a ^tm^l _ Of ^t(«-« + l) + t 



=^2A/r{n + l){B + g)'^ 

V 2 r {(n - m 4- 1) « + (n - m + 2) ^} . (6*) 

= 2Vr(n+l)(« + ^)- 

V2r {(n - m + 1) « + (n - m)^}. (?•) 

= 2Vr(n+l)(«4-<7)-V2r(n-m+l)(«+^). (S*) 

If n be eveiiy the reverse curres meet in the centre of the 

space between the two middle roads, and the rails of the ^ 

interrening roads, on each side of the centre, are all cut by 
the rails of the reverse curve, which is on the same side of the 
centre line; consequently we obtain the circular measures of 
the angles of the crossings by substituting for m in equations 
(1), (2), (3), and (4), the successive values 

1, 2, 3 . . . &C. . . . ^ 9 4 

and the distances of the points of the crossings of the rails from 
the normals, by substituting for m, in equations (5), (6), (7), 
and (8), the successive values 

1, 2, 3 . . . &C. . . . ^ 9 

and in equations (5*), (6*), (7*), and (8*), the successive values 

n + 2 n + 4 „ 

r^ 9 r^ • • • (KC« • • • fi* 

If n be odd, the reverse curves meet in the centre of the 

middle road, one rail of which is therefore cut by the rails of 

one reverse curve, and the other rail by the other ; consequently 

we obtain the circular measures of the crossings of the first 

n ~ 1 rails on either side of the middle road, by substituting 

for m the successive values 

» — 1 

1, 2, o . . . &c. . . . — X — 
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in equations (1), (2), (3), and (4) ; and the circular measures of 
the angles of the crossings of the middle road, by putting 

n + 1 

in equations (1) and (2). 

The distances of the crossings of the n — 1 rails, on either 
side of the middle road from the normals, are obtained by sub- 
stituting for m, in equations (5), (6), (7), and (8), the successive 
values 

Xj iS, O • • • iJcC* • • • •pr—~' y 

and in equations (5*), (6*), (7*), and (8*), the successive valnes 

n + 3 nH-5 

— — jr 9 ^j— — • • • IKU* • • • fl* 

The distances of the crossings of the middle road from the 
normals are obtained by putting 

n + 1 

in equations (5), (6), (7*), and (8*). 

If n be even, since the reverse curves meet in the middle of 
the space «, between the two middle roads, the (n -{- 2)*^ and 
(n -|- 3)*** main-road rails may be cut by the rails of the reverse 
curves, whose springings do not lie on the same side of the 
centre line of the n intervening roads as the rails in question. 
To ascertain this, we must follow the method described in the 
case of cross-over roads. 

The offset to the tangent to the reverse-curve rail Sj S'8,^.8 at 
Si, which passes through the point c*'^* is equal to 

{n-{'2)g + n8 

2 ' 

therefore the length of the tangent is equal to 



V 



(2r + g){{n + 2)g + ns) 
2 



Now, the length of the tangent to the reverse-curve rail 
Sg Sa,+4 at Sa, whose offset passes through the point, where the 
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normal Oci*""*"" cuts the rail S,S',,+4, is to the length of the 
tangent at Sj as 2r - ^ : 2r + ^; consequently the length of 
the oBbeif which passes the point where the normal Ci"+* cuts 
S2S'8,+4, is 

/2rj^Y {^r + g){(n + 2)g + n8] ^ 2r ^ g i {n + 2)g + ns ] 
\2r + gJ 2(2r^g) "2r + ^l 2 P 

K therefore the (n + 3)"* rail be not cut by the curve, which 
springs from the points S^ and Sj, the interval between the rails 
S2S2 and S,^., S',4.8 must not be less than this offset, or we 
must have 

(n + 2)$ + ng = 2r^g j{n + 2)g + n8 



= 2r-y Un + 2)g + n8 \ 
>2r + g\ 2 J 



which is equivalent to 

Consequently, when s is less than ff, the rail S,^., S',^, is cut 
by the reverse curve, which springs from the points Si, S2 ; and 
the rail 8,+, S',^., by the reverse curve, which springs from 
the points S'„+„ S',.+4. 

In order therefore to get the circular measures and positions 
of the angles of the crossings of the n — 2 intermediate rails on 
either side of the two middle roads, we must substitute for m, in 
equations (1), (2), (3), and (4), the successive values 

1 A o A. n — 2 

1, 2, o . • . <ko. . . . — ^1 — 9 

and in equations (5), (6), (7), and (8), the successive values 

1, 2, o . • . &0. . . . — ^1 — 9 

and in equations (5*), (6*), (7*), and (8*), the successive values 

n-|"4 n-|- 6 „ 

_. J g^ • • • ObC* • • • w» 

To find the circular measures and positions of the angles 
cr+S c«""*"S c«""*"", Ci"+% Ci"+*, and c"+*, we must put m = ^ in 
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equations (1), (2), and (4) ; also m = - in equations (5), (6) 



n 



and (8) ; and m = ^ + 1 in equations (5*), (?•), and (8*). 

The value and positions of the remaining angles, (5i"+* and 
Ci""***, are given by the equations 



c,"+« = <?,"+• 



2Vr{(n + 2)8 + ny} 
2r-flf 



S.+. cr+' = S',+s C"+* 



= 2 V r (» + 1) (« + ^) - V r { (n + 2 ) « + n ^ } . 

If n be odd, since the curves reverse in the centre of the 
middle road, the formulae must be used as explained in (a). 



Case IH. — Main Boads Curved : Beverae Curves separated by an in- 
terval of Straight, which extends from eictreme crossing to extreme 
crossing. 

Let 0, 0', O" (Fig. 18) be the centres of the main-line and 
reverse curves ; Ti the radius of the curve centre 0' ; ra that of 
curve centre 0". If R be the radius of the centre line of the 
outside road Si S'l, the radius of the centre line of the m^ inter- 
mediate road will be 

R -♦»(« + ^), 

and of the inside road S8«i+4 S'8«+4 

E-(n+l)(«-|-^). 

Let the normals O 0', O" cut the main-line rails at the 
points S'l S'2 . . • S'am+i Sam+a . • . S'g.+s S'8,+4 and Si S2 . . . 
Sam+i Sa«,+8. . . Sam+8 Sam+4 respectively; and let the rest of 
the letters have the same signification as before. 

Join 0"ci^ O'Cg*""^*. Let these meet the centre line of the 
through road in the points p" jp', and let the straight lines 
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Cie**^*p"p\ and c/Ca""^* meet a line through O, parallel to 
the radii O" Ci, O' c,* ""*■•, in the points F', F, and P respectively. 
Draw O" Q", O'Q' at right angles to the radii O" e^, 0'c.-+*, 
meeting O F' and OF produced in Q" and Q'. 

The perpendicular from O, upon the centre line jp'jp" pro- 
duced, is equal to 

OQ' - FQ' = 00' COB. Q'OO - O'jp' 

= R-(n+l)(« + i7)-{B + r,-(n + l)(8 + (;)}^' 

neglecting the fourth and higher powers of O' in the expansion 
of COS. Of. This perpendicular is likewise equal to 

OQ" + Q"F = 00" COB. Q"00" + 0"p' 

= (R - r,) COB. O" + r, 

= R-(R-r,)^. 
Equating these two values, we get 
(R-r,)0"»= {R+r.-(n+l)(« + (7)}0'» + 2(n+l)(« + i7). 



a. s '^ g. 

The rails of the reverse curve will cut the two inner rails of 
the outside roads. 

g 

The offset to the tangent to the curve, radius r, + ^ , at Si , 
which passes through e^^ is equal to the gauge plus the offset 
to the tangent to the curve, radius R — |, at Sa, which like- 
wise passes through Ci\ Since the length of the tangent is 
O" fr^ + 1), we have 

0-(r, + |)^ O- (r, + f J 
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If we neglect the terms 0"^ff, — ^^^> 0"^ff\ and use the radius 



E 



R, instead of R — ^, we get 



0"«r, . 0"«r,« 



Similarly, 



therefore 



2 


-^ ' E 


• 


2 


(yr.*. 

-g- u ' 




0"t 


2B9 
-r,(R-r,)' 




fV« 


2{B-(n+l)(. + ^)}j7 


\j 


♦-.{R + r,- 


- (n + 1) (. + J/)} 






2Rj/ 



Substituting these values of 0'^ 0"* in the equation of rela- 
tion between ri, ra, O', 0", we get 

R_ R^(n + l)(, + ^) (n+l)(. + <y) 

whence 

' Tl^-(n+l)> + ^)r. ' 
= 0"- O' 



/ 2Rgf _ / 2R^ 

- Vr,(R-r,) V r,{R + r,-(»+l)(8 + (7)}- 

If we substitute for 0"^ and O'^ their values in terms of the 
radii ra and r^ in the expressions for the length of the perpen- 
dicular from the origin upon the line jp' jp", we get 

OF = ^-IZIJ) = {R--(n+l)(s + ^)}(r,-^) 

The length of the perpendicular from O upon c^ F' is there- 
fore equal to 

^{r^-9) .9 _ 2Rr,-gr(2R-r,) 
n "^2"" 2n 
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and upon e^ P 



R (r, - g) _l 2Br,-g(2B + n) 
r, 2 2r, 

If p 6 be the polar co-ordinates of any point in either of these 
lines referred to origin O and initial line O O", the equation to 
c.»F' wiU be 

pcoe.(0"-e) = ^»'-'7(»-'--), 
and to a^ P 

At the points, where either of these lines cuts the rails of the 
main road, the angle O" ^ ia the angle between the normal 
to the curve of the main-Une rail at the crossings and the 
perpendicular to the straight part of the through road, and is 
therefore equal to the angle of the crossing. 

For the m^ intervening road the values of p are 



and 



^ = R-m(8 + (7) + | 



^ = R-m(8 + i7)-| 



Therefore, putting these values of p successively in the equa- 
tions to the lines Ci^ P" and c^ P, we get 



.^.-.+1 = ^i . J^ 



Rr.-i7(2R-r,)}« 



4r.«JR-m(8 + i7) + |}" 

^ 2 V 2Rr, {Rg - umjs+g )} 
r^{2R-2m{8 + g) + g} 



(4) 



^ A ^9 



{2Br,-j,(2R + r.)}' 



4r.«|R-m(« + j,) + |}* 

2jy2 RtTTpt + rt) g-um{ 8 + gj] 
r.{2R-2».(«H-«7) + «?} 



(S) 
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,,-+• = ;y/l - 



{2Rr.-^(2R-r.)}« 



c,'"+' 



2 V 2 Br . { (B - r.)g - r,n»(« + y)} 
r. {2'B - 2 m (•+<;)- <?} 

{2Br.-<;(2B + r.)}' 



(6) 



"^ 4 r.'|B -«(« + </)- I}' 

_ 2 V2Br.{Bg-r,ii»(«H-g)r /7\ 

- ">.{2B-2«.(« + s?)-j;} • ^' 

If we substitute for m in each of these equations successive 
values 1, 2, 3 . . . &c. ...» we shall obtain the circular measures 
of the angles of the crossings of the n intermediate roads. 

Also, 



.,_ A {2Br.-g(2B-r.)}' 



^ 2 V2Br,(B-r.)g 
r.(2B-<;) 



^..+. = /i _ {2Br.-g(2B + r,)}' 

^ 4n'{B-(n + l)(«+s,) + |}' 

^ 2 V2Br.{Bg - r, (» + 1) (» + g) + r.g} 
r,{2B-2(n+l)(« + <;) + <7} 

The linear distance of any of the crossings from the line 
Si S,.^4 is equal to the radius of the curve of the rail of the 
main line on which the crossing is situated, or, with sufficient 
exactness, to the radius of the centre line of the intermediate 
road referred to, multiplied by the circular measure of its angular 
co-ordinate, or by e, consequently 

= {B -«.(« + <;)} {0"-c,»"+'}. (8) 

S.,+.c.'"+» = {B-m (« + «?)} {0"-c.'"+'}. (9) 

S..+.C.-+' = {B-m(. + j7)} {0"-c."-+«}. (10) 

S.«+,c-+' ^ {B-n.(« + <;)} {0"-c«"'+'}. (11) 
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K we substitute for m in each of these equations the succes- 

siye values 

1, 2, 3 • . . &c. . . . n 

we shall obtain the distances of every crossing of the n inter- 
mediate rails from the normal line Si 89,^4 . The distance of 
each of the crossings of the m*** road from the other normal is 
equal to {R — m(s + ^)}0, minus its distance from 8188,4.4. 
This distance may, however, be found directly from the follow- 
ing equations : 

S.«+|C,«-+» = {R-m(8 + i7)}(c,-+»-Cy), (8') 

Ss.+» c.«-+^ = {B - m (8 +-I7)} (c,-+» - 0'), (9-) 

S,«+.c,«-+« = {R-m(5 + i7)}(c,«-+»-0'), (10-) 

S.«+.c,«-+« = {R-m(8 + (7)}(c-+»-O0, (11') 

because they are equal to the radii of the curves to which they 

belong, multiplied by the circular measure of (O — ©), which is 

equal to 

0"-0'-(0"-c) = c-.0', 

t being the circular measure of the angle of the crossing in 
question. 
Also, 

S.c.« = B(0"-c,«), (12) 

S'. C|« = B O - R (0" - c,«) = B (c^« - 0'), (13) 

S»,+.c.»-+» = {B-(n+l)(8 + sf)}(0"-c,-n (U) 

S'.,+.c.-+» = {B-.(n+l)(8+(7)}0-{B-(n+l)(8+(7)}(0"-c«-+») 

= {B-(n+l)(8 + (/)}(c»-+»-0'). (15) 

The rails of the reverse curves will cut the rails of the inter- 
mediate roads. In this case the offset to the tangent to the 

curve, radius ^2 — ^ , at the point 82, which passes through the 

point C2^ is equal to % plus the offset to the tangent to the curve, 

radius R — s — ^ , at the point 83, which passes through the 
point ci. Therefore by the same steps as in (a) 

2 "*+ 2B ' 
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and 



— -—1 = « — 



therefore 



2 {E-(n+l) («+(/)}' 
2B« 



(B-r,)r.' 



ri{R + r,-n+l.(« + gf)} 

Substitntiiig these values in the equation of relation between 
n,^2,0',0", weget 

R B-(n+l)(8+g) . (n + l)(s + g) 

whence 

{B-(n+l)(8 + gf)}r,# 

B«-r.(n+l)(8 + 5r) ' 



r, = 



Br,< 

**•- {R-(n+l)(« + (7)}ir + r.(n + l)(8 + (7)' 

0=0"- 0' 



/ 2B< _ /_ 
"V(B-r,)r, Vr, 



2B« 



{B + r.-(n+l) (« + (/)} 

The length of the perpendicular jfrom on p" p' F is 
B(r, - 8) _ {B - (n+ 1) (s + g)} (r, - 8) 

and on c^^ P" 

2 Br,-2B8 + ragf 

2r. . ' 

and on Oi*P 

2Br, - 2B>- rjjr. 

27^ ' 

therefore 

^ 4r,' {e -«,(« + J,) + 1[* 

2V2Br.{B<-r,ii»(» + g)} 
r,{2B-2m(»-i-^) + S'} ' 
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-+' = v 1- 



{2B(r,-»)-r.g}' 
4 r.'JE -».(. + «,) + If 

^ 2V2Br.{B«-r.w(» + g) + *-«g} 
r.{2B-2n.(« + j?) + S,} 



Sm+a 



=v- 



{2B(r. -«) + r.g}' 
4r,'JB-in(« + ^)-||' 



2V2Br.{B«-r.t»(« + g)-»-.g} . 
r.{2B-2«(i + <?)-<?} 



(6) 



SM+a 



=V- 



{2B(r,-»)-r,g}' 
4r.'{B-«(# + i?)-|}* 



^ 2 V 2Br. {B< - r.OT(» + g)} 
r,{2B-2«i(» + <7).-«;} 



(7) 



If we substitate for m in each of these equations successive 
values I9 2, 3 . . . &c. ... n we shall obtain the circular mea- 
sures of the angles of the crossings of the n intermediate roads. 

Also 

' ^ *<-- !)■ 

_ 2V2Br,(B«-r,g) 
r.(2E-j?) 



1*4-8 



V- 



{2B(r,-«)-r.gr 
4 r.« |b - (n + 1) (« + J,) + 1}* 

_ 2>/2Bf.{B«-r.(n+l)(«4-g) + f.g} 
r,{2B-2(n+l)(» + s,) + gr} ' 

If in equations (8), (9), (10), (11), (8»), (9»), (10»), and (11») 
we giye O* 0" and the symbols e* Ci'"*'*, &c., their proper 
values, and give to m saccesslTe values 1, 2, 3 . . . &c. ...» we 
shall then obtain the positions of all the crossings of the inter- 
mediate roads. 
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Eqnations (12), (13), (14), and (15) will in like manner give 
the positions of Ci", Ct"""*"'. 

If one of the radii rj, ra be given, one of the equations (1) 
(2) in (a) and (0) will give the other: equation (3) in (a) 
and ()8) gives the angular interval between the springings of 
the reverse curves. It is impossible to get a simple solution 
of the converse of the proposition, viz. given the angular 
interval to find the radii without transgressing the limits of 
deviation from exactness to which the formulae have been 
restricted. 

When 8^ff the equations which give the values of rj, ra are 

_ {R-( n+l)(8 + (y)}r.gf ... 

*^^- R(/-(n+l)(. + (/)r. ' . ^^ 

'■' = {R - (n + 1) (. + g)fg + («+ l)(. + s,)r. ' ^^^ 

If in (1) and (2) we write Vi for r^, r, for r,, and — R for Ri, 
we get 

_ {B + (n+l)(« + g)}»-.g n.. 

*^'- Rg + (n+l)iB + g)r, ^ ^ 

''*=TR+(n+l)(. + (/)rt-(n+l)(, + ^)r/ ^^'^ 

If R, in equations (1*) and (2*), be the radius of the inner- 
most road, we see that the value of ra given by (1*) is iden- 
tical with the value of ra given by (2) in terms of n ; and the 
value of Ti given by (2*) is identical with the value of n given 
by (1) in terms of ra. Hence from the formulsB giving the 
positions and circular measures of the angles of the crossings in 
terms of ra and the radius of the outside road, we can obtain 
formulsB in terms of Ti and the radius of the innermost road by 
simply writing r^ for ra and — R for R. The numbering of 
the rails in this latter case of course dating from the springing 
of the reverse curve radius Ti . 

We may show in the same way that the same rule holds 
when 8 K g. 
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Casb IV. — Main Boads Curved: Beverae Curves meeting ai common 
paini of contrary flexure midway between the two Boads, between 
which communication is established. 

Let the symbols in Fig. 19 have the same meaning as in 
Fig. 18 : join O' O", cutting the centre Kne of the space between 
the two oatside roads in the point P. If n be odd, P will be in 
the centre of the middle road. If n be even, P will be in the 
centre of the space between the two middle roads. The radius 
of the centre line of the system of roads is 

{n+l)(s + g) 
E 2 

whether n be even or odd. Let it be denoted by K©. Following 
the method of Section IV., Case 11., we get 

O' = "^ "" **» = "^^ 

Q,, _ Eq + ^I Q _ ^^ 

ri + r^ " 2r^ ' 

^^* Bon , / \ 

^^ = ^ — or ' ^» = p- I o^ » W 



B-2r, ""110 + 2^' 



Q ^ 2Vr,(n+l)^+y) ^ 2^r,{n+l){s + g) . 



Q>) 



r = Ro'cy _ Bo'(y .^ 

' 4(n+l)(8 + gf)+B,0»' *'»-4(n+l)(« + 17)-BoO»' ^^ 

When either radius is given, formulse (a) and (b) will give 
the other and the angular interval O between the springings of 
the reverse curves. When this angular interval is given, for- 
mula (d) will give the radii. 

The circular measure of this angular interval in terms of 
the linear distance D, between the normals through the actual 
points of the switches, measured along the centre line, radius 
Eo, is given by the equation 



VBo-r, VB + n 

= D + -J^£i^IL-2Z, 
^ ^2{n+l){s + g) 
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since 



E, - r. - E. + r. - 4(n+ l)(. + <7) 

therefore 

(D-21) V2(c+0 



= 



B,{V2(n+l)(« + «7)-2Vc+l} 

Whatever may be the relative values of s and y, except as 
regards the two middle rails, we shall obtain by following the 
methods pointed out in Section I., Cases 11. and III. : — 

For the circular measures of the angles, at which the main- 
line rails are cut by the rails of the reverse curve, radius r2, 



. 2V2Br.(B-r.)g 
"' - 2Rr. + (B-r,)s, ' 

+i = 2 V 2 Br, (B^^; )"^(74-" g) 

2 Br. + <7 (B + r,) - 2 r.«. (« + <;) ' 

,„+. ^ 2V2Br.( R -r,){m (» + g)'^gl 
2Br, -g (B - r,) - 2r.m(«-|-g)' 



c,"" 



(1) 



(2) 



« .«+> _ 2 V 2 B r, (B - r,) {m (« -|- g) -f gr} , . 

2Er,-|-s?(B-rO-2r.«(i+^' ^^ 



c/» 



^., _ 2V2Br,(B-r,)OT(« + g) 

2 Br. - <7 (B-l- r,) - 2r.m(« + <;) • 



(4) 



c«' 



For the circular measures of the angles, at which the rails of 
the intervening roads are cut by the rails of the reverse curve, 
radius rx, if Ei = B — (» + 1) (s + gi), 

,.+. ^ 2 V2B.r.(B. + n)g 
"2B.r.-j-(E, + n)<7 ' 

.«»+. = 2V2B.r.(B. + r.)(»-m+l)(g-|-y) 

..«+. = 2 V2 RT^TTB. + r.) {(» - m + 1) {s + g) + g ) .„.. 
2U,r, + {n, + n)g + 2r,{n-m+l){s + g)' ^'' ' 

„ *»+. = 2V2B.r.(B. + r.){(n-m+l)(« + g)-g} /q.x 
2B.r,-(B. + r,)s' + 2r.(»-«.-|-l)(« + g)' ^° ^ 

. .»+. = 2V2B.r.(B, + r.) (»-m+l)"(r+7) .... 

2"B.r.-|-(B, -r,)j/ + 2r.(n-«.+ l)(« + g)' ^ ^ 
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since the m^ intervening road from one of the outside roads is 
equal to the (w - w + 1)*** from the other. 

Also the distances of the crossings of the first n — 1 rails of 
the intervening roads from the normal Sj S,,^^ are given by the 
equations 

8--.+.^,-+' = y^?E^5H, (5) 

S.,H..c.'-+' = /2BM"»(' + g) + g} , (7) 

▼ JtC «- Tg 

S..+.C.-+' = y/H^^S. (8) 

The distances of the crossings of the last (n — 1) rails fix)m 
the same normal are given by the equations 

8.«+.c,-+'= {B - m (. + «;)} O 

S..+.c,-+'= {B -«(« + <?)} 

S„+. «.'"+•= {B -«.(. + <,)} O 

_ /2B.r.{(n-n.+ l)(« + g)-gT cj.x 

S..+.c.'-+'= {B-m(« + gr)}0 

_ / 2B.r.(n-n.+ l)(« + g) . (g-) 

The distance of each crossing of either set ftom. the other 
normal is equal \o {S. — m (s -\- g)] O, minus its distance from 
the first normal. 

The circular measures and positions of the crossings of the 
two middle rails are given by one or other of the above equa- 
tions, in the manner explained in the following clauses (a) 
and (/3). 
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a. 9^ g. 

If » be even, the reverse curves meet in the centre of the 
space between the two middle roads ; and we shall obtain the 
circular measures of the angles of the crossings of the main-road 
rails, cut by the curve radius rs, and the distances of those 
crossings from the normal S^ Sa,^4, by giving m the successive 
values 

1, 2, 3 ... - , 

in equations (1), (2), (3), (4), (5), (6), (7), and (8). 

The circular measures of the angles of the crossings of the 
main-road rails cut by the curve radius ri, and the distances of 
those crossings from the same normal, by giving m the succes- 
sive values 

in equations (1*), (2% (3*), (4*), (5*), (6*), (7»), and (8*). 

If n be odd, the reverse curve will intersect in the centre of 
the middle road, and we shall obtain the circular measures 
of the angles of the crossings of the main-road rails cut by the 
curve radius 9*2, and the distances of those crossings from the 
normal Si 88,^.4, by giving m the successive values 

1, 2, 3 . . . — - — , 

in equations (1), (2), (3), (4), (5), (6), (7), and (8), and the 

value ^ in equations (1), (2), (5), and (6). 

The circular measures of the angles of the crossings of the 
main-road rails, cut by the curve radius Ti, and the distances of 
those crossings from the same normal are obtained by giving m 
the successive values 

n + 3 n+6 
2 ' 2 ' " **' 

in equations (1*), (2*), (3»), (4*), (5»), (6»), (7*), and (8*), and 
the value ^^^ in equations (1*), (2*), (5*), and (6*). 
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If n be even, since the carves reverse in the centre of the 
space between the two middle roads, the n^ and (n -|- 1)^ ^'^^ 
may be cut by the rails of the reverse curves, whose springings 
do not lie on the same side of the centre line of the n inter- 
vening roads aa the rails in question. 

The length of the tangent at S,^, to the curve, radius 

B o > whose o£^t passes through Ci""*"", is equal to the 

distance of Oi*"*"* fix)m S,^„ if S,^, S'.+g be cut by the curve 
radius rj, and is therefore 



V- 



Br,{n{8 + g)+2g} 



E-r, 
This is likewise equal to the tangent at Si to the curve radius 

^2 + o> whose offiet passes through Ci'^\ Since the length of 

the tangent at S2, whose offset passes through the point, where 
the normal 0"c/"*"' meets the rail Sa S.^^.*, is to this in the 

ratio t-a — ^ : r2 + 5, the length of the offset to the tangent at 

S2, just described, is equal to 

{ ^r,-g \* B{n(s + g) + 2g} 

\2r, + gJ 2(E-r,) ' ^""^ 

and the length of the offset to the curve radius R ^ J"^ 

at Sa,4.t, for the same length of tangent, is 

{^!±rJ\ ''^{'^(^ + 9) + ^9} /rv 

\^r, + gj 2(E-r.) ' ^^^ 

fh (s — [- o'S 
since for this purpose we may use R instead of R n^ • 

Now, the offset (a) must not be greater than the sum of space 
between the rails S2S2 and S,4.8S',4.8, plus the offset (h), or, 
transposing, we must have 

'^2^^V2r, + j,; l2(B-r.) 2(E-r.)l 



2 



x{nis + g) + 2g)^^-<^^ 



or « 5: flr. 
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If this ratio of inequality hold, we must use the formuIaB as 
explained in (a) ; if it do not, we must find the circular mea- 
sures of the angles of the crossings of the first (n — 2) rails of 
the interyening roads, cut by the rails of the curve radius r2y 
by giving m the successive values 

1, 2, 3 ... 2 — 1 

in equations (1), (2), (3), (4), (5), (6), (7), and (8) : of the 
crossings Ci""***, c/"*"*, c/"**', by putting m = ^ in equations (1), 
(2), (4), (5), (6), and (8); and of the crossing e*'^* by putting 

m = - in equations (3*) and (7*). 

Similarly, we must find the circular measures and distances 
of the crossing c/"*"* from the normal Si S,,^^ by putting 

m = - + 1 in equations (2) and (6): of the crossmgs c^""*"*, 

c,-+*, C/+*, by putting m = ^+ 1 in equations (1*),'(3*), (4*), 

(5*), (7*), and (8*) ; and of the crossings of the last w — 2 rails 
of the intervening roads, cut by the rails of the curve radius r, 
by giving m the successive values 

2 + ^» 2 "^ ^ * * * *** 

in equations (1*^), (2»), (3*), (4*), (5*), (6*), (7*), and (8*). 

If ^ be odd, since the curves intersect in the centre of the 
middle road, the formulae must be used as explained in (a). 

As in Case III., formulae in terms of r2 may be converted 
into formulae in terms of ri by putting Ti for ^2 and — E for E ; 
E in this latter case being the radius of the innermost road, and 
viee versa. 

The formulae in the preceding four cases give the position of 
every crossing. In practice, however, the simplest plan is to 
set out the centre line of the through road on the ground. 

In Cases I. and III., if the position of the crossings Ci^, 01""+*, 
c^, and Ca* ""*"', be marked on the ground by means of the dis- 
tances from the springing given by the formulae, straight lines 
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joining Ci with c,""+" and e^ with c/"+' will show the positions 
of the crossings of the intervening rails. 

In Cases 11. and lY. the formulae give the intervals between 
the springings of the carves in each case. The positions of the 
springings can thus be marked out on the ground, and the 
centre lines of the reverse curves set out. 

To simplify this, and to ensure the correctness of the setting 
out^ the point where the reverse curves meet may be marked 
out on the ground. The distance of this point from the normal 
line through either springing, measured along a line, mid- 
way between the two outside roads, is given by the following 
formuhe: 

Case U., 

V(n + l)(« + (7)r; 

Case IV., 



/B,r,(n+l)(8 + (y) ^ / B,r, (n + 1) (. + y) 



Section VI. — Crossings on the Level. 

The data on which the calculations are founded are the radii 
of the main roads and the angle at which the centre lines of 
the two roads cut each other. Let this angle be denoted by <p. 
Following the principle of the notation explained in Chapter I., 
the positions and circular measures of the angles at which the 
first, second, third, and fourth rails of the crossing road cut 
the corresponding rails of the road crossed, will be CiC^c^Ci^ 
e2CiC^c-iy CsC^a^a^y and c^c^e^e^. The two outside rails, 
which cut one another externally at an obtuse angle, have the 
same denomination, that is, are either both fijrst or both fourth 
rails. When a single line crosses a double line, there will only 
occur the two first groups of crossings ; and when a single line 
crosses a single line, only the crossings c^ Ci C2 02* The staked- 
out centre lines in these two last cases may not occupy the 
same position relatively to the rails as in the case of a double 
road crossing a double road ; consequently three sets of formulae 
are apparently required. It will, however, be necessary to give 
only one set, via. that for a double road crossing a double road, 
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since the angles at which the centre lines of the roads, if 
doubled, would intersect, may be obtained by calculation from 
the observed angle of intersection of the staked-out centre lines, 
and the formulsB will give the required circular measures in 
terms of this calculated angle. 

Case L — Both Boada Straight. 

All the angles are equal each to each and to the observed 
angle. 

Oasb n. — Crossed Boads Straight ; Crossing Boad Curved, 

The length of the perpendicular from the centre of the cross- 
ing road upon the centre line of the road crossed will be 

r COS. <p 

if r be the radius of the centre line of the crossing road, and 
therefore the lengths of the perpendiculars from the same centre 
upon the first, second, thirds and fourth rails of the crossed road 
will be 

roo6.<p + ^ + g, 

rcos.^ + |, 

s 
r COS. P — Q ' 

r COS. ^ - 2 - ^. 

Now, the cosine of the angle of any crossing is equal to the 
ratio of the perpendicular from the centre of the crossing 
road upon the rail crossed to the radius of the crossing rail ; 
therefore 

2r^os^Hh«_+2^ 

COB. Ci — j r— rr , 

, 2 r cos. ^ + « 
cos. c, = — — ' — • 

. 2 r cos. 0—8 
cos. Ci = • 
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«.' 


2r + 8+ig ' 




2roc«.p + . + 2j, 




2r+» 


c.* 


2rM«.v> + s 


2r + . ' 




2 r COB. ?i - » 




2r + s ' 


c.* 


2roofl.(i-«-2ff 


2r + . 




2roofl.^ + . + 2j 



co&e,' : 
OOB. V 1 



2ro«..f + . 




2r-. ■ 




2rcoa.^)-< 




2r-. ' 




SrooB.^ -«- 


2, 



, _ 2 r coe,^-f-< + 3 g 
"* - — 27-8-2J, * 
» - ^''coe.y + » 

, _ 2rooe. p — g 
"' " 2r-g^Tg' 
. _ 2rooB. y -a-2g 



The calcnlated values of tihe angle to be sabstitated for the 
observed angle in the above formulie are 

a. Singh Line erogsing Single Line. 
. (2r + g + g)cos.,p-»-g 

008. ^ 

fi. Single Line crogsing Double Line. 

■^-. (2 '■ + ' + ?) COB-? 
2r 

y. Double Line eroggtng Single Line. 
_, 2r COB. f ~g — g 
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Oase IIL — Crossed Line Curved ; Crossing Line Curved : Centres of 

both Curves on the same side of the Line. 

Let R, r be the radii of the crossed and crossing roads respec- 
tively, 8 the distance between their centres. Then 

^•= R* + r«-2Ercos. (p, 

since the angle between the radii is eqnal to the observed 
angle 0. For the same reason 



COB. c/ = 



Similarly, 



_ 2 Br C08. ^ + (B + r) (< + 2gr) 



2Br COB. ^ + (» + »•)<'+ ^rg 
'^"^ ~ 2Br + (B + r)« + 2B<y ' 

, _ 2 Br COS. (p— (B — r)«-|-2r^ 
*^''' ~ 2Br + (B-r)« + 2Bi/ ' 

_ 2Brcos.^-(B-r)(8+2g) 
' " 2Br + (B-r)(« + 2</) ' 

^, 2Brco8.^ + (B + r)«+2Bg 
^ ~ 2Br + (B + r)»+2rff 

, _ 2BrcoB.^ + (B + r)a 
°°^*^ - 2Br+(B + r)« ' 

, 2 B r cos. ^ — (B — r) « 
*^ '^ ~ 2Er+(B-r)» ' 

J 2Br cos. ^ — (B — r)« — 2Bg' 
"°^ '^ " 2Br + (B-r)«-2rj, ' 

, _ 2 Br COS. ^ + (B — f) < + 2Bg 
'^•'^ 2Br-(B-r)«+2r<7 ' 

, _ 2 B r COS. ^ + (E — ♦■) » 
'^'^ ~ 2Br-(B-r)« * 

, _ 2 B r COS. ^ — (B + r) « 
'^•'^ - 2Br-(B+r). ' 
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, 2Rr ooB.^ - (B4-r)< — 2Bgr 
"*"*^ " 2Br-(B + r)«-2rj; ' 

„„„ ,. 2Rfooe.^ + (B-r)(«+2g) 

* ~ 2Br-(B-r)(« + 2<;) ' 

.. 2Bfoo8.^ + (B-r)»-2rg 
^ * " 2Br-(B-r)»-2Bj * 

2Brooe.^-(B + r)<-2rg 

♦ ~ 2Br-(B4-r)«-2Bff ' 

^ ^ 2Brcofl. ^-(B + r)(» + 2g) 
'^•*'« - 2Br-(B + r)(. + 2g) ' 

The calculated values of the angle to be substitated for the 
observed angle in the above fonnnlse are : 

a. Single Line crossing Single Line. 

. 2 BrooB.^ - (B+ r) («r + 2g) (1 - cob. ^) 

• 2Br 

fi. Single Line crossing Double Line. 

, 2 B f COS. y + (B °o^ ^ ~ *")(*+ 2 g) 
*^' 2 Br 

y. Double Line crossing Single Line. 

, 2 B r COS. ^ -j- (** °o^' ? ~ ^) (* ~l" 2 g) 
*^~ 2B7 



Cash IV. — Crossed Line Curved ; Crossing lAne Curved : Centres of 

Curves on opposite sides of Line. 

Tn this case 

i* = E* + r' + 2Brco6. ^, 

and 

2 Br COS. ^ -(B. + r)($+2g) 
2Br+(E + r)(« + 2^) " 



COS. c/ = 
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Similarly, 



COS. e* = 



COB. c* = 



C«i, c,' = 



2R rcoe.^ -( B + r) s -2rg 
2Er4-(R + r)«+2R^ 

2Rrco(Ek ^ + (R-r)t-2 rgF 
2Rr4-(R-r)« + 2R^ ' 

^ _ 2 Rr COS. ^ + (R ~ r) (8 + 2 gr) 



2Rr + (R-r)(« + 2^) 



J _ 2 R r COS. ^ - (R + r) 8 — 2Rg r 
^•^ " 2Rr + (R + r)74-2r^ 

, _ 2 R r COS. ^ - (R + r) g 
^^^ " 2Rr4.(R4-r)« ' 

2 R r COS. (p + ( R — y) g 

0<>8» ^J* = S~T» 1 /-n ^ ' 

2Rr + (R — O* 



COS. c^ 



4 «. 



2Rrco8.^ + (R-r)84-2Rg r 
2Rr4-(R-»-)« -2r^ ' 

J _ 2Rrcos. ^ ~(R-r)8 -2R gr 
^^^ " 2Rr-(R-r)« + 277" ' 

, 2 R r COS. ^ — (R — r) « 
^^^ ■" 2Rr4.(R-r)« ' 

, _ 2 R r COS. ^ 4" (^ + * 
"^"^ - 2Rr-(R + r)« ' 

^ _ 2 R r COS. (p + (R + r) 8 + 2 R gr 
^^^•^ - 2Rr-(R4-r)«-2r(7 

2Rrcos.^ "•(R~r)(8+2gr) 
2Rr-(R-r)(« + 2^) ' 

g _ 2 R r COS. <p~'(R~'r)8-\'2rg 



COS. C4 



1 _ 



COS.C, - 2Rr-(R-r)«-2R^ ' 

, _ 2 R r COS. (p + (R + r) 8 + 2 rgr 
^^•^* " 2Rr-(R4.r)«-2R^ ' 

_ 2Rrco8.(p + (R + r)(8+2g) 
"^'•'^ - 2Rr«(R + r)(8+2^) ' 

The calculated values of the angle to be substituted for the 
observed angle in the above formulsB are : 

a. Single Line crossing Single Line. 
_, 2 Rrcos. (p + (R + r) (8+ 2gr) (1 + COS. <p) 
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fi. Single Line cramng Double Line. 
_ , 2 R r COS. ^ — (R cos. (p -{- r) {a -}- 2 g) 

y, DoMe Line crossing Single Line. 
, 2 R r COS. ^ — (R + »• cos. ^) (« + 2 g) 

The formuIsB give the values of the cosines of the angles, and 
not of the sines as in the previous examples, because the former 
are more simple. Since the angles of the crossings will rarely 
be so small, that we may put the circular measure of the angle 
equal to its sine, it will be necessary to ascertain the value of 
the angle in degrees and parts of a degree, which may be 
obtained irom the cosine as readily as fix>m the sine, and with 
as much exactness, unless <p be nearly a right angle, in which 
case all the angles will be practically equaJ, whatever may be 
the radii of the curves. 

The circular measure of each angle will be obtained by 
multiplying its value in degrees and decimals of a degree 

by the factor 

or 



180 



= -017. 



CHAPTEE IV. 



DOUBLE-GAUGE BOADS : ANGLES OF CROSSINGS AND THEIR 

POSITION. 

Only those double-gauge roads are treated of which have 
one rail common to both roads, viz. the outside rail next the 
platform. 

When the projection of the width of the carriages beyond 
the rails is not the same for both gauges, they cannot have a 
rail common to both roads. Since the platform must be suffi- 
ciently near to the rail to suit the carriages, which have the 
less projection, and the outside rail of the other road must be 

F 



M 
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at such a distance from the platform as to allow the carriages 
to clear it in passing, therefore the outside rail cannot be 
common to the two roads. Since also the interval between 
the two inner rails of a double road, called the six-foot, is fixed 
by the Begulations of the Board of Trade to suit carriages 
whose excess of width above that of the gauge is not greater than 
a certain amount, therefore the inside rail cannot be common to 
the two roads if the projection of the width of the carriages 
which project least be equal to this fixed amount of excess. 
In this case, therefore, there will be four rails. If the nar- 
rower-gauge road carriages project more than those of the 
broad gauge, the rails of the narrow-gauge road will be wholly 
within those of the wider-gauge road ; if they project less, one 
will be within and the other outside, next the platform. If 
such a double-gauge road should ever exist, the formuLe given 
in Chapter III. can be readily adapted to suit the case, by 
giving proper values to E, r, « and g in the manner explained 
in the following sections for ordinary double-gauge roads. 

Section I. — Single-linb Junctions. 

In the case of single lines, the centre line of the narrow- 
gauge road is separated from that of the wider road by an 
interval equal to half the difference between the gauges, viz, 

jr ; and the centre line of the space between the two rails, which 

are not common to both roads, from the centre line of the wider- 
gauge road, by an interval equal to half the width of the 

narrow gauge, mz. ^—^^ — . So that, if E, r be the radii of the 

broad-gauge roads, the radii of the narrow-gauge roads will be 

E±^,andr ±-, 

+ according as the curvature is from or towards the rail 
common to both roads ; and the radii of the centre line of the 
space between the two rails which are not common to both 
roads will be 

E 4. "'-TT-, and r + ^-^r— , 
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+ according as the carTatme is from or towards the rail 
common to both roads. 

The formulse given in Chapter HL, Section L, will give the 
circular measnres and positions of the crossings of the wider- 
gauge road treated as a single-gauge road, the radii being 
B and r and the gauge ff. Consequently, if we substitute for 
E r and g the values proper to the narrower-gauge road, and 
to the interval between the two rails, not common to both roads, 
treated as a road whose gauge is d, we shall obtain the circular 
measures and positions of the crossings of those roads. 

Cask I. — Curve leaving Straight Bead. 

a. Branch Line turning firom the Bail common to both Boada {Fig. 20). 

d 

Putting r = r + o *^^ ff =9 — dyWe get for e^ 



and 



Putting r = r ^ 



r* 


WK'-^t)^- 


-d) 


*^l 


2A/2r{g-d) 

~ 2r + g ' 


d 


c.' 


2^2rg 
2r^g' 




ff- 


■- All/1 /? f1. XJTA fiTA 


f fnr 






2^/Yrd 



Similarly, 



2r + 2<i-gf 
S,A' = V2r(<7-(2), 



F 2 



i 
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/3. BnmA Bead turning toward$ the BaU eomman to hoik Boads 

{Fig. 21). 

Putting r = r + ^ ^ , and ^ = (Z, we get for Ci' 

4U 



and 



. VK*- 


+'-i-0^ 


2(r + '- 


i-v^ 


2V2rd 
" 2r + j, ' 




,_2V2rsr 





ar + jr 



Fatting rssr — jzy and ^ = ^ — cZ, we get for Cj^ 






*• " ' d 



Similarly, 



2V2r(g-d) 
2r + g-2d 

S,c,« = 2-/Trd, 



S,c.' = 2V2r(^-«i). 

Oasb n. — Obroe lecwing Curve, Ourvature in the same direction. 

cu Boih Boads turning from the StUl common to the two Soada 

(Fig. 22). 

ft fl 

Putting E = E + o>^ = ^ + o> ^^^ ff=ff'-d,vre get for e 

2y/2(B + 0(r + |)(B-r)(y-d) 

2(E + ^)(r + D + (E-r)0/-cO 

2 V_2Br(B - r) (g^^ 
2Br4.(B + r)d4.(B-r)(^-d)* 



2 

1 



C." = 
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also 

2Er+(R-r)^* 

Putting E = E — ^-Q — > r = r^ <t~> *"^^ ^ = ^> we get 
for e^ 



tf = 



VK«-^)(^--2-) <«-')'* 



K«-'-i^) ('•--?-)+<«-')'' 



2V2Rr(R-r)d 



2 Er - (B4- r) (sr - cT) + (R - r) d 



Similarly, 



s.V = x/?^^^. 



a , /2Br^ 



)S. £^ Boadt turmng tcmardt the Bail common to bo& Boada 

(Fig. 28). 

Putting E = E + ^^—> ♦' = ^+2"'' ^^ 5^ = ^> ^® g®* 

for Oi* 

. V(B+'-i-0(^+'-i-0(B-^)^ 



2V2Rr^-r)d 

" 2Rr+(R + r)(^-d) + (R-r)(l' 

also 

2V2Rr(R-"^ 
^ " 2Rr4.(R".r)^ * 
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Patting E = E — ^, rr=r — 5, and g = g -^dyVre get for Cg^ 



c= , ^, 



— - — ■ — I ' I . 

2^2(B-D(r-|)(B-r)(g-d) 

2V2Br(B-r)(g"^d) 

-2Br-(B + r)d + (B-r)(sr-«i)- 
Similarly, 



s.v = V^^-^- 



Oasb m. — Curve leaving Curve, Curvature in opposite directions. 

a. Branch Boad curving from (he Bail common to hoA Beads 

{Fig. 24). 

d d 

Putting E = E— ^,r=rr + 9> and ^ = ^ — cZ, we get for e^ 
2y/2(B-|)(r + ^)(B + r)(^-d) 



c.' = 



also 



a(B-|)(r + |) + (B + r)(s,^d) 

2V2Br(B + r)(g-^ 
2Br+(E-r)d4-(B + r)(y-d)' 



.._ 2V2Br(B + r)g 
' " 2Er+(B + r)/* 



Putting R = E + '^ Q , r = y — ^-g— , and ^ = eJ, we get 
forca* 



ci = 



2(B + ^)(r-^^) + (E + r)d 

.2V2Bf(B + r)d 

FB r - (B - r) (ff - <i) + (B + r) d ■ 
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Similarly, 



2Br(g-d) 






2Brd 



B + r 

/S. £ra»cft Boad Owrmng towarda the Bail common to both Boadi 

(Fig. 25). 

Patting R = E - ^—^ , r = r + 2^— , ^ = el, we get for c^^ 

'" 2(E-^-^(r + ^^)+(R + r)«l 
2V2Br(B4-r)d 



e,' = 



also 



2Rr + (B-r)(^-d) + (B4-r)<l' 



,_ 2V2Br(B + r)g 
"• 2Br+(B + r)sr 



Putting R=:R + o>*' = *'~o»^ = ^~<^»^® g®* ^or c,^ 



C' = 



2^2(B + |)(r-|)(B + r)G^-d) 
2(B + |)(r-|) + (B + r)({,-d) 
2V2Br(B + r)(gr-d) 



-2Br-(B-r)d + (B + r)(ff-d) 

Similarly, 

«,. /2Brd 
^''' =V R+7' . 

S.". =V E+7' 

/-2Br(g-d) 

^*^ =V B + r ' 
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If we compare the values of Ciy c^ in (a) and {0) in each 
case, we see that e^ in (a) = Cj^ in (^), and c^ in (a) = Cj^ 
in (^), &c. A simple inspection of the figures suffices to show 
that these relations must hold. The formulae have been worked 
out independently, in order to more fiiUy illustrate the method 
of obtaining the formulae for double-gauge, from those for single- 
gauge, roads. 

Sbction II. — Double-line Junctions. 

In the case of mixed-gauge double lines the centre line of 
the broad-gauge coincides with that of the narrow-gauge road, 
since each is in the middle of the space between the two inner 
rails of the road to which it refers, and the two outside rails are 
common to both roads. 

For the same reason this centre line coincides with that of 
the two spaces contained between the two inner rails of the up 
and down roads. Hence, if we substitute, in the formula given 
in Chapter HI., Section 11., for s and g the values appropriate 
to the three cases, viz. the broad-gauge road, the narrow-gauge, 
and the space between the two inner rails of each road, we shall 
obtain the circular measures and positions of each of the 
crossing angles. 

For the sake of more fully illustrating the method of deriving 
the formulae for mixed-gauge £rom those for single-gauge 
double-line junctions, each road is taken by itself. This method 
will not give the angles in consecutive order, but it will show 
how easily the formulae in Chapter m. can be directly adapted 
to any system of double-gauge road. 

Case I. — Curve leaving a Straight Line {Fig. 26). 
Ist. Broad-^auge Boad Crossings.^ 
c^ = Cj* in single-gauge formulie 
2jj2rg 



2r+2^ + « 
= Cj* in single-gauge formulie 

^ 2 V 2T(rf^ 

2r+2^ + « ' 
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c, = c/ in smgle-gauge formulie 
c,* = Cg* in single-gauge formnlsB 



2V2 



r« 



2r + « 
<^' = c,^ in single-gauge formnlsB 



2V2r(8+(7) 
2r + « 



c/ = Cs^ in single-gauge formulffi 

_ 2>/2rgF 
" 2r-« * 

2fi(2. Narrouhgaage Crossings. 

Putting ^ = ^ - d, « = « + 2din the formuIsB for c^, c^, c^^ 
C2t and C3*, we get 

2V2r (g-d) 
' ~ 2r+2<)r + « 



c» = 



2r + 2gr4-« 



2V2r(«+2d) 
•^ - 2r + «+2d ' 



2V2r(i» + g + d) 
"• 2r + «+2d 



W2r(g-d) 
*'» - 2r-«— 2d ■ 

Sri. i^poee bettoeen two Inner ItaUs of each Boad. 
Putting ff = din tiie fonuulse for e^, e^, e^, and e^, we obtain 



C» = 



2V2rd 
2r + 2d + «* 



_ 2,/2r(« + d) 
^ ~ 2r + 2d + «' 



74 swrrcHEs and gbossikos. 



Hence also 



c.* = 



2r + 8 



2V2rd 
* " 2r«« 



c/ = 



S,c.» = >/27^, 



84^/= V2r(^ + «), 



S,c,'=^f2r(g + 8 + dl 



SeC»«= >/2r(2^ + «), 



S.<?,»= V27d, 



S5G«*= V2r(« + 2d), 



s,c.- = >/27(r+7+T), 



84 c,* = V2r«, 



850,*= V2r(« + (f), 



SeCs-= V2r(« + ^), 



850/ = V2rd, 



8«c/=V2r^, 

8e C5* = V2r(^-cQ. 

Case II. — Curve leaving Ourve, Cwrvatwre in the same direction 

{Fig. 27). 

l8<. Broad-gauge Boad Crossings. 

c^ = Cj' in smgle-gauge roads 



2V2Rr(B-r)gF 
" 2Rr + (R + r)«+2R^' 

C* = Cj' in single-gauge formulsB 

2 V2B r(B-r)(8 + g^) 
~ 2Rr-(-(R-r)«-|-2R^ ' 
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C|' = c/ in Bingle-gange formula 

2V2Rr(R-r)(8+2^) 
- 2Er + (R-r)(« + 2(7) ' 

V = C|* in single-gaiige formnlsB 

2 V"2Br(R-r)8 
" 2Rr + (R-r)« ' 

c," = c,^ in single-gauge formnlffi 

2V2Rr(B-r)(8 + g) 
"2Rr + (R-r)«-2rgf' 

e^ = V in single-gauge formulaa 

^ 2V2Br(B-r )y 
2Br-(B + r)«-2r^* 

^nd, Narrouhgauge Boada. 

Fatting g =z g ^ d and « = « + 2 d in the formulsB for 
Ci^ Ci^ c^i C29 and C3*, we get 



c« = 



2V2Br(B-r)(^-d) 



c» = 



2Br + (B + r)(«4-2(2)-f2B(flf-(i) 

2V2Br(B-r)(g-5) 
2Br-f(B + r)« + 2B^ + 2rd' 

2V2Rr(B-r)(< + ^ + <i) 
2Br4-(B-r)(« + 2d) + 2B(flf-d) 



_ 2V2Br(B-r)( 8 + g^ + <Q 
" 2Br + (B-r)« + 2B^-2r<2' 

,_ 2V2Br(B-r)(g + 2^) 
" - 2Br+(B-r)(«+2d) ' 



c.' = 



C5* 



2V2Br(B~r)(g+7+"5) 
2Br4-(B - r) (« + 2d) - 2r(^ - (f) 

2 V 2 B r (B - r) (g + gr +7) 
2Br + (B-r)< + 2Bd-2r^' 

2V2Br(B-r)(gr^ 



2Br - (B + r) (« + 2(1) - 2 r (^ - <i) 

2V2Rr(B-r)(gF-d) 
2Br-(B4-r)«-2Bd — 2r^' 
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3rd. I^Kice between two Inner Baih of ea^ch Boad, 
Putting ff =: din the formulaB for ei\ e^y CaS ^^'^ <^z> we get 



,^ 2V2Br(R-r)d 
^ ~ 2Br+(E4.r)« + 2Bd 

^_ 2V2Br(R-r)(g + d) 
^ "" 2Br + (B-r)« + 2B<i 



5_ 2 V2Br(B-r)(g + d) 
^ 2Br + (B-r)«-2r<i' 

5_ 2V2Br(B-r)d 
* 2Br-.(B4-r)«-2r<2' 



Similarly, 



8.c,-= / {2Br + (B + r)(8+(y)}g r 
^/ B — f 



8, c* = / {2Br + (B + r)g}(»+g) 



S. c.» = / {2B»- + (B + r) ( g-d) }(« + g + d) 
8. c.» = y/ 



{2Br + (B4-r)(8 + <i)}d 
B-r 



S, ci« = / {2B*- + (B + r)d}(« + d ) 



S. c.' = /2Br(» + 2d) 



S.c«= / {2Br-(B + r)(g-d)}(« + g + <Q 
a ^« - /IHi 
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S, c^» = / {2Br-(B + r)d}(» + g + d) 

8. V = / {2B*- -(» + «•) (» + g)}g , 
8.C/ = /T 2^Br-(B + r )d}(»+<0 



{2Br-(B + r)(» + g)}g 
B-r 



,— » 



Sc-= / {2Br-(B + »-)(^ + iy + ^(^^^^ 
* * \/ R — r 

Casb m. — Outre leaving Cwrve^ CurwUure in opposite directions 

{Fig. 28). 

Isi. Broad-gauge Crossings, 
c* = c* in single-gauge roads 

_ 2 V2Rr(R + r) gr 
" 2Rr+(R-r)« + 2R^ 

c* = Ci' in single-gauge roads 

_^ 2 V'2B7(R+;-)"(<; +^) 
2Rr+(R + r)« + 2R^' 

Ci' = Ci* in single-gauge roads 

^ 2 V 2Rr (B + r)~(r+ 2^) 
2Rr + (R + r)(ii + 2i/)' 

c^^ = c,' in single-gauge roads 

_ 2 V2Rr(B + r)g 
" 2Rr + (R + r)« ' 

Cg* = c,* in single-gauge roads 

_ 2 V~2 Br"(R + r){s + g) 
" 2Rr + (R + r)«+2r5r' 

c^^ = Cb^ in single-gauge roads 

^ 2 >v/2Rr(R + r)7 
"" 2Rr-(R-r)« + 2r^' 
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2nd. Narrow-gauge Crossings. 
Putting g = g -^d and « = « + 2 eZ in the formulaB for Ci\ Cj^, 
<52^ (h\ aiid C3*, we get 



c« = 



2V2Br(E + r)(5r-d) 



2Er+(R-r)(« + 2i) + 2E(5r-(Z) 



2>vr2Kr(E + r)(^-d) 



2Er+(E-r)« + 2E(^-d) 
2V2Er(E + r)(« + ^ + fl^) 



c * = v^— .- 



2Er + (E + r)(«+2d) + 2E(5r-(Z) 



_ 2V2Er(E + r)(ir + gr + (l) 
2Er + (E + r)«+2E(5r + d) 



,_ 2V2Er(E + r)(jr+2d) 
^ "" 2Er + (E + r)(«+2d) ' 



c.« 



c« = 



2V2Er(E + r)(g + l/+^) 
2Er + (E + r)(« + 2(i) + 2r(5r-d) 

2V2Er(E + r)(ir + gr + (Q 
2Er + (E + r)«+2Ed+2r5r' 

2V2Er(E + r)(gr:rd) 
2Er-(E-r)(«+2d) + 2r(5r-d) 

2V2Er(E + r) (gr-5) 
2Er-(E-r)«-2Ed + 2r^' 

3rc2. i£^pac6 2»efti7een <ifo J»n^ Bails of each Boad. 
Putting g = d in the formulse for Ci\ Ci^ c^^ and C3*, we get 

3 __ 2 V2E7(E + r) ^ 
^' " 2Er + (E-.r)ir+"2'Ed' 

, ^ 2 V2Er(E + r)(g + d) 
' 2Er + (E + r)«-f2Ed' 

, _ 2 V2Er(E + r)(g + ^) 
^ " 2Er + (E + r)« + 2rd' 



c. 



Similarly, 



, ^ 2V2Er(E + r)(g 
- 2Er-(E-r)« + 2rd 

/ 2e77^ ^:T) 

^"''^ -V E + r ' 
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s c « - ^ / MrHL?) 



**'"' ~ V R+7 ' 

_ / 2B7(r+27) 
^•*' - V E+7 ' 

/2B7d 



/ 2Rr(. + d) 



S.C. -^ 



^'"^ -V WT-r 






/2Br(» + d) 



E+r 



85*5/ = ;^. 



2Brd 
B + r ' 



/ 2Brg 



/2B r(g-d) 



Section III. — Three Throws. 



Let E, Tij Tz be the radii of the curves of the centre lines of 
the broad-gauge main and branch roads. The radii of the 
curves of the centre lines of the corresponding roads, narrow 
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gauge, will be E ± ^, r^ ± ^, and ra ± j^ ; ± according as the 

curvature in each case is from, or towards, the rail common to 
both gauges : and of the space between the two other rails 

xC + , ri + , and r^ + —^ » + according as the 

curvature in each case is from, or towards, the rail common to 
both gauges. 
Let the points where either rail of the broad-gauge main line 

is cut by the rails of the curves, radii r^ and r^ ± „> be denoted 

by the symbols c/ and c/"**, and where cut by the rails of the 

1 1 

curves, radii rg and t*2 ± ^ by the symbols c/ and c/"'*, respec- 
ts 8 8 

tively ; and the points, where the middle rail is cut by the 
broad-gauge rails, by the symbols cf and cf. Also let the point 

1 8 

where a broad-gauge rail of one branch road cuts the rail 
common to both branch roads be denoted by the sjrmbol c/ ; 
where a narrow-gauge rail of one branch cuts the rail common 
to both gauges by the symbol c/"**; where the broad and nar- 
row-gauge rails, which are not common to both roads, intersect, 
by the symbol c/. Let these symbols, as usual, denote the cir- 
cular measures of the angles. 

We may obtain the circular measures and positions of these 
angles, either by substituting successively in the formulae given 
in Chapter III., Section III., the values appropriate for each 
crossing, in the manner explained in the previous sections of this 
chapter ; or write them down at once from the formulae given 
in Section I. 



Casb I. — Main Boad StraiglU, Branch Boads Curving in opposite 

directions (Fig, 29). 

If Ti be the radius of the curve of the centre line of the broad- 
gauge branch road, which curves towards the rail common to 
both rottds, the radii of the centre lines, and the corresponding 
intervals between the centres of the rails, will be 



1 
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n and ^ ; 
r, - - and ^ - d, 

r, + ^—n — fti^d d, 

I d 
»•« + - and (/ - d, 





flf — d 




Therefore 

Cr' 

8 






S 


2V2r^{g^d) 




S 


2 V 2 r, d 
~2r,+ 2ci-^' 




1 


2V2r,g 

2n + ^ ' 




1 


2 V 2 rj d 




1 


2 V2n (^-(0 
2r-2d + ^ ' 




^'Z 


2 V2r,r,(n + r«)^ 




c'-** 


2V2r,r2(r. + r,)(^- 


^ 


Vy 


2r,r, + (r.-r.)d + (r, + r, 


)(9-d) 


C** 


2V2r,r,(n + r,)d 




t'P 


8 


. + »•.) d 



S. c," = V2r,(s--d). 

a 
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B,e*= V2r.d, 



8. c/ = V2r,gf, 



8,0/-''= V2r.(flf-d), 






Case U, — Main Boad Straight, Branch Boada Curving in the same 
direction from the Bail common to both Boads {Fig. 30). 

The radii of the centre lines and the corresponding intervals 

between the rails will be : 

riand^; 

rj + ^ and ^ - cZ, 

Ti — ^-jr — and d. 

rg and g ; 
r, + ^ and gr - d, 



r- — -—zz — and d. 



Therefore 



c; 



_ 2V2r,gr 
8 2r, + 5r ' 



p — 



c,' 



,.._ 2V2r.d 



, " 2r, + 2d-flr • 



2V2r,(^-d) 
%" 2r. + (7 ' 

. 2>/27:^ 

^r = "o i ' ' 
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2ri + 2d-g 

2V2r.(g -d) 
2r, + fir 



^, _ ^A/tir, (r, - r,) g 
' 2r,r, + (r, -r,)^' 



V = 



2 Var.r, (r, - r.) d 



2r,r, - (r, + r.) (^ - d)^. (r, - r,)<l 

/,/-' = 2V2r.r,(r. -r.)(g-d) ^ 

2r.r. + (r. + rOd + (r,-r.)(jy-«l)' 

8,c/ = V2r,^, 



S.c,'-'= V2r.d, 



S.«V'= V2r,gr, 

1 



8,6/-'= V2r.d, 



8,c/ = V2r,(«,_d), 

S 

S,c/= V2r.(j,-d), 



8. c/ = 8, c / 



v' '"i-'-i 



▼ "a — "i 

> r, — Fj 

Oasb m. — Main Boada Straightj Branch Boads Curving in the same 
direction towards the BaU common to both Boads {Fig, 31). 

The radii of the centre lines and the corresponding intervals 

between the rails will be : 

riandgr; 

n - - and ^ - d, 



*-i + ^— andJ. 



O 2 



4 
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r, and ^ ; 
r, - - and ^ - d, 

r, -|- and d. 

Therefore 






2r,-2d + y 






c. 



,-. ^ 2V2r.(g-d) 
2r.-2«i + gr 



, _ 2 V 2 r, d 

%- -277+7' 



2V2r.d 

•^r — -ft ; > 



_ 2V2r,r,(ra~rt)gr 
^' - 2r,r. + (r.-rO^' 



,»-<• 




2V2r,r.(r.-r,)(<?-<0 




"J 


~2r. 


*■. - (r, H- r.) d + (r, - r.) (jf 


-d)' 


e* 


2V2r,r.(r,-r.)«i 


• 


"^ 


~2r. 


r. + (r. + r.) (</ - d) + (r. - 


»-.)««' 



Sa c/ = V2f7^, 



SaC/--= V2r2((/-i), 



S« c/ = V 2 r, ^, 



SaC/-" = V 2 r. (^f - d), 
S, c/ = V 2 ra d, 



Sa c/ = V 2 n d, 
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8.c/ = S.c/ = ^^^ 

^ rj — r, 



' ^ *•« — ♦'l 

^ Tj — r, 

Oasb rV. — Main Line Curved, Branch Baads Curving in opposite 

directions {Fig. 32). 

If Vi be the radius of the curve of the centre line of the 
broad-gauge branch road, which curves towards the rail common 
to both gauges, the radii of the centre lines and the correspond- 
ing intervals between the rails will be : 

B and g; 
E ± ^ and g ^ d, 

E + —^ — and d. 

rjandgr; 
r, - ^ and ^ - d, 

r, + ^-^ and d. 
ra and g ; 

R ± o *^^ ^ + ^5 — > *^v according as the curvature of 

the main road is from or towards the rail common to both 
gauges. 

or. Curvature of Main Boad from the Bail common to both Boads 

{Fig. 32). 



^ 2V2Er,(E-ra)gr 
\' 2Br. + (E-r.)^' 



^_^ 2V2Br,(B-r8)d 

^\ " 2Er, + (E + r,)(f + (B-r,)(^-4 



i 
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8.V- = ^V-' = v/^^'- 



Casb y. — Main Line Curved^ Branch Boada Curving in the same 

direction as the Main Boads. 

The radii of the centre lines and the corresponding intervals 

between the raiU will be : 

B and g; 

d 
E ± jT and g — d, 

R + — j: — and d. 
Ti and g ; 

Ti + — jr — and d. 
r, and^; 

r, + ^—^ and d. 

The upper or lower signs to be taken according as the curva- 
ture is from or towards the rail common to both roads. 
Let ^2 be greater than ri. 

a. Owrvaiure from the Bail common to both Boads (Fig, 34). 

2V2Br,(R-r,)(^-"d) 
\ 2Rr, + (R + r«)cZ + (R-r,)(^-d)' 

^ ^ 2 V2 Rr,(R-r,)gr 
%" 2Rr. + (R-r.)^ ' 






\ 
> 
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^ 2>/2Br.(B-r.)d 

2Br. - (B + r.)(</ -d) + (B - r,)d' 

._ 2 V2B^(B - r.) (y - d) 



'. 2Er. + (B + r.)d + (E-r.)(?-d) 

;_ 2V2Br.(B-r.)y 
*'. 2Br, + (B-r.)i^ ' 

^_^ 2 V2Br,(B-ri)d 

^ ~ 2Br. -(B + r.)(</-d) + (B-r.)<i' 

, ^ 2 V2rir,(r, -r,)<y 





nilarly, 


2r, 


r,+ ir, + r,)d+(r, - r.) {g 
2 V2r,r.(r, -r,)d 


-d) 


Sin 


~2r, 


f.-(r. + r,)(?-«i)+(r.- 


r.)d 



I Ar R - r» , 
s V R — r J 

« V R — rg 

•8.^. = ^p^^ 

8 V R — r, 

V rg - n 
A' r, - r, 

V Tj — Fj 
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fi. Curvature towards tie Bailt common to both Boade {Fig. 85). 



c/ = 



2/2Br.(B- r,) d 



I 2 Br. + (B + r.) 0^ - d) + (B - r,)d' 

2V[25^(B^.)^ 
\- 2Br. + (B-n)j?' 

,,-4 ^ 2V2Br.(B-r.>(g-<0 

2 Br. - (B+ r.) d + (B - r.) (g - d)' 

t _ 2V2Br,(B-r,)<i 



', 2Br, + (B+r,)(«,-d) + (B-r.)(i' 



. 2V2Bf,(B-r.)g 
\- 2Br, + (B-r.)fir ' 



,_^ _ 2V'2Br,(B-r.)(g-d) 

', -2Er,-(B + r,)d + (B-r.)(<^-d)' 



.,_< _ 2V2r .r.(r, -f.)(g-d) 

' "2r.r,-(r, + r.)dH-(r.-r.)(j?-d)' 

, ^ 2 V2r.r,(f,- r.)g^ 
' 2r.r, + (r,-r.)fl' 

^ 2 V 2 f , r, (r, — r. )"(j 

"' ~ 2r.r. + (r. + r.)(<;-d) + (r.-»-,)d" 



Similarly, 



/2Br.d 

^•'^^vb^t:' 






«•-:-' V^-"^^- 
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▼ r, — Ti 



▼ rg — Ti 

Gabs YI. — Main Line Curved^ Branch Boads Curving in the oppotite 

direction to the Main Line, 

The radii of the centre lines and the corresponding intervals 

between the rails will be : 

B and^; 

E + ^ and ^ - d, 

B ± ^^ and d. 

r, and g; 
r, ± ^ and g - d, 

r, + —^ and d. 

r, and g ; 

*•« ± 2 *^^ ^ - ^ 
r, + ^^^ and d. 

The upper or lower sign to be taken according as the curva- 
ture is fix)m or towards the rail common to both roads. 
Let r2 be greater than ri. 

a. Curvaiure from the BaU common to both Curves (Fig. 86). 



._ 2V2Rj'.(B+_r,)((7^d) 

%-2Br, + (B-r,)(« + (B + r.)((7-d) 



2>/2Br,(B_+r,)^ 
%" 2Br, + (B + r.)y' 



_, 2V2Br.(B + r,)d 

% '2Br.-(B-r.)((7-rf) + (R + ^)^' 
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,_ 2V2Bf.(B + r.)(g-d) 

'. ~ 2Br. + (R-r,)«i + (E + r,)(g-d)' 



_ 2 V 2 B r. (B + r.) g 
\- 2"Rr. + (B + r.)j7' 



_, _ 2V2Br.(R + r.)d 

2Br.-(B-r.)(<;-d) + (E + r,)d' 

^,_a _ 2V2f.r.(r.-r.)(g-d) 

2r.n + (r. + r,)d + (r. - r.)(i^-<l)' 



^ , _ 2 V2r, r, (r« j-r,) jf ^ 
' 2r,r. + (r,-r,)g 



2V2r,r,(r,-r,)d 



*'' - 2r,r. - (r. + r.) (<, - d) + (r. - r.) d * 



Similarly, 



• ', V B + r, ' 
« V R -4- r- 



» V R -f- Tj 
'^ ', V B + r, 

1 V R -^ ri 

S. c/ = 8. c/ = ^ATiM , 

V r, -r, 

V fa — r| 
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yS. Cwrvatmre towardt ike Bail common to both Boad$ (Fig. 37). 

. 2 v'2Er,(E + r,)d 

^ = 



. 2Br, + (B-r.)((^-d) + (R + r,)d 



2V2Br.(B + r.)g 
. 2Br, + (B + r.)(, 



«v'- = 



2 ^2 E r, (B + f .) (y - d) 



2 Br. - (B - r.) d + (B+ r.) (j, -<0 



^_ 2 V2Bri(B + r.)d 

^ - 2Er. + (B-r,)(«,-d) + (E+'r.)d* 



. 2 V2Br.(B + r.)g 
% - 2Br. + (B + r,)</ 



,_, _ 2V2 B r.(B + r . )((y-«Q 

*'. -2Br.-(B-r.)d + (B + r.)(^-d) 



^ 2V2r.n(r.-r.)d 

"' -2r,r. + (r. + n)(</-d) + (r.-r,)d' 



_ 2 V 2 r, r, (r , - r.) g 
' 2 r, r, -f (r, - r.) <y ' 



t-d ^ 



2v'2r,r,(r, -r.)(y-d) 



2 r,r, - (r, -|- r.) d + (r, - r,) (<; - d) 

Similarly, 

/ 2Br.d 



/2B^ 



_ / 2Br.(g-d) 
^^ -V B + r. ' 

/MEi 



94 SWITCHES AND CROSSINGS. 



-r rg — Ti 

S, V = 8. «/ - \/-^tSt • 



s,./-' = s.v-'V^^^ 



Section IV. — Ceoss-oveb Eoads. 

The two roads between which communication is to be esta- 
blished may be either the two roads of the main line, in which 
the outside rails are common to both gauges, and the centre 
lines of the spaces between the inner rdls of both gauge roads 
coincident ; or a pair of roads on a set of sidings, in which the 
centre line of the space between the two inner rails of the 
broader-gauge road may not coincide with that of the space 
between the inner rails of the narrower-gauge road, but be 

removed from it by an interval equal to ^. In the former 

case, the rail of the cross-over which stcuis from the middle rail 
at one springing ends at the outside rail at the other, and 
consequently the cross-over roads have not a rail common to 
both roads. In the latter case the rail of the narrow-gauge 
cross-over which starts from the middle rail at one springing 
ends at the middle rail at the other springing, and the cross- 
over roads have one rail common to both roads. Hence there 
are two classes, and three cases in each class, viz., 

a. 8'^ g. 

fi. « < ^, but > ^ - d. 

y. 8<:g •'d. 

No example exists, or is it likely to exist, in which s is less 
than ff — :z; therefore no further notice will be taken of (7). 

Class I. — Between two Mainrline Roads. 

That form of crossK)ver which consists of two reverse curves 
meeting at a common tangent cannot be adopted in the case of 
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mixed-gauge roads, because the radii of the broad and narrow- 
gauge reverse curves are so nearly alike, that the necessary 
clearance between the two rails which start from contact with 
the main-line rail common to both gauges would never be 
attained nearer to the springing than the crossing of the middle 
rail. It would therefore be impossible to use a switch, and 
practically impossible to use a fast point with a proper length 
of splay, because it would be too weak towards the point. This 
may be easily proved. When the main lines are straight, 



*f^ ^ ^8 + g + d , 
therefore 



f*r^ f^^/a-^g 



^-^ ^B + g + d-^A/s + g 

Therefore the distance of the heel of the switch of the narrow- 
gauge rail from the springing is equal to 



V f^-f- ^ ^s + g + d^^f8 + g' 

or is equal to the distance of the heel of the switch of the 
broad-gauge road from the springing multiplied by 



v/. 



V« + sr 



For the 7 ft. and 4 ft. 8^ in. gauge roads : the sum of the 
clearance plus the thickness of the rail being 4^ in.. 



V; 



8 + g 12 , 



therefore 



s + g + d 13 



V- 



*'• + " -8*. 



Since the distance of the heel of the switch of the broad- 
gauge rail from the springing is also 3^ times the lead of the 

* r* is the radius of the reverse curves of the broad-gauge cross-over, r* of 
the narrow gauge. 
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crossing ti^, the distance of the heel of the switch of the narrow- 
gauge rail is 12 J times the lead of the crossing ti^. 

Now, the distance of the crossing rti from the springing is 
equal to (Fig. 38) 

5,» \j8 + g + d 

13 . 
= p nearly ; 

or the distance of the heel of the switch of the narrow-gauge 
rail from the springing exceeds that of the crossing Wi^ by f ths 
of the lead of the crossing 6i^, which can never be sharper 
than 1 in 5. 

The splay of the fast point of the narrow-gauge rail is 
equal to 



/ 2 r^ / (c + < - c - e) _ / 2 /(e + <-c-e)Vg + gr . 

or is equal to 3J times the splay of the fast point of the broad- 
gauge rail, which is itself equal to ^^ths of the lead of the 
crossing l^y or the splay can never be less than 16 feet long. 

When the main lines are curved, the ratios of the radii of 
the narrow-gauge road to those of the broad gauge are in one 
case less, and in the other greater, than when the main line is 
straight, but so slightly diflferent that the same reasoning 
applies in both cases. 

We must therefore use two reverse curves separated by an 
interval of straight. The best combination of these is fully 
explained in the next section on through roads, for which 
reverse curves meeting at a common tangent cannot be adopted 
for the reasons just stated, a fortiori because the radii are much 
more nearly equal. 

Section V. must therefore be read before Section IV. See 
also Chapter III., Section V., Cases I. and III., and the nume- 
rical evaluations in Chapters V. and VI. 



DOUBLE-GAUGE BOADS. 97 

Case L — Main Line Straight : Reverse Curves separated hy an interval 

of Straight {Fig. 38). 

a. s ^ g. 

^^ 2g{B^2lf 

{s+Sg^4:^/g{c + t)Y' 

2g 

Interval between springingsl _ (g + ^ y) V ^ 
of reverse curves .. .. J " /s/^g * 









„.« = «.. = 2V2r.(,^d) 



2»' + «/ 



._ 4_ 2V2f^ 



w." = ni* = 



2V2r"d 
Sf'-sr + d 



S,6»« = S',V= V2t*((7-d), 



S,6»» = S',6.* = V2r*^, 



S.n.« = S',n,* = V2r-((7-d), 



S,< = S',n/ = V2r-5r, 



Satis' = S'an,' = V 2r»d 



^. «<fl', but^gr-g 



f* = 



2«(D-2/)* 






8' 



2s 



H 



^ 
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Interval between springingsl _ (3 8 -j" fl^) V ^ 
of reverse curves .. .. J " J^a ' 









2V2f'd 
21^ — gr + d 



V2« 



2V2« 



San/ = S'^n/ = jj2i^d. 

Case n. — Main Boads Curved : Beverse Curves separaJted by an 

interval of Straight (Fig, 39). 

a. 8^ g. 

There will be two cases : (1st), R > 2 r,* ; (2nd), E < 2 rA 

(Ist). E > 2 n^ 

If either of the radii r,', r* be known, the other will be given 
by one of the equations 



O- / ^^g _ / 2Bg 

Vr,'(R-r,') Vr.»(B + r.')' 
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.,_ 2V2Br,>(B-r/)(g-d) 



2 B r,^+ (B + r,») d + (B - r,') (j, - d) ' 

^,_ 2V2Br.'(B-r.')(g-^ 
"• - 2Br/ + (B-n-)0,-d) ' 

,_ 2V2Br,'(B-r,')<l 

"^ 2Br,- + (B-r.-)d-(B + r.-)(j/-d)' 

.._ 2V2B r,'(B-r,')g 

111 — ^ ' - 



W = i 



2Br,- + (B-r,-)j, 

2V2Br.*(B + r.>)g 



«,* = 



2Br.» - 4r.'(.+ (,) + (B + r.') J/ 

'2V2Br.-(B + r.')«y 
2Br.--4r.«(» + ff) + (E + r,«)y 



« 2 V 2 B r.' (B + f.') <^ 

** "2Br."-4r.-(« + i?)-(B-r.-)(j,-d) + (ft + r.-)d' 



^. 2>/2Br. -( B + *-.')(g-d ) 

"• '2Br.--4r.-(« + ff) + (B-r.«)d + (B+r.-)(j,-d)' 



, , 2V2Br,*(B + »-.*)(g-d) 

•^ -2Br.'-4r.'(« + i7) + (B-r.')d + (B + r.»)(j,-d)' 



8..,- - ^™v¥^ 



B-r. 



^^' = V B":rr.» ' 

^•^ - V B - r.» ' 



/2B r.>(y-d) 
»»*« -V ~E + r.» 



/ 2Br.>g 



H 2 ^ 
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S' «.» / 2Br.'(g-d) 

/ 2Br.'d 



+ 
The positions' of the crossings «i*, «2* are fixed by those of 

ti', V> wid are distant very nearly ^-r^ and ^-r-j respectively 

from bi^ and 62** 

(2nd). E<2r/. 

The circular meafiures and positions of aU the angles will be 
the same, except those for n2, for which 



9 



n," = 



_ 2^/'Rr,'{2{n + r,')g^di7d] 



r/{2B-4«-3sr-2d} 



S'5n,» = E(«.*-0'). 

fi. 8<:g. 

Whatever may be the relative values of R and ra*, the second 

rail of the main roads will be cut by the first rails of the curves 

radii r», r*y if 

- d 

The same remark applies to the curves radii n*, n", when 

9 
or, practically, whenever 

B ^ 6 r.', 

, Bf,*« , Br/* 

*■« " ■Bi8+(s + g)ry *■' - B» - (« + j,)r.' ' 



~r.»(B-r/)' "^ ~r,»(B4-r.»)' 



_ / 2B« / 2B8 

" ~ V r/(B-r/) V r.»(B + r.')' 

Tg — Tg — Q„g > ^1 ~ M — Q/a 
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When 

9 
or 

B ^ 6 rA 

the values and positions of n,* itj" Wj' «,* 6," 6/ will be the same 
as those in (a), and the rest are 



"• -"^ - 2Br.' + (B^r7.»).' 

ft. _ «. _ 2 V2Br.>( B + r.')« 
"•-'••- 2 B r.» + (B + r.')T ' 

S,6.» = B(0"-6.'), 
8'«6.* = B(6,«-0'X 



When 



/ 2Br.>» 



or 



B < 6 r.', 
the only angles affected are bj" and tij, 



. . _ , _ 2VBr.'{2(B-r.>)«-3r.>d } 
".-«.- r,»(2B-4«-3^-2d) ' 

S. W = E (6.» - 0'), 

Class II. — Between two cordifftuyus 8iding Boads, where the 
Centre Line of the space "between the two Inner Bails of 
the Broad-^auge Boad does not coincide with that of the space 
between the two Inner Bails of the Narrow-gauffe Boad. 

If the distance between the points of the switches be given, 
the formulae of Chapter III., Section IV., will give the radii of 
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the reverse curves of the broad-gauge road ; or, if one radius be 
given, the formulae will give the other. The radii of the reverse 
curves of the narrow-gauge road are equal to the corresponding 

radii of the broad-gauge, increased or diminished by ^, according 

as the rail common to both gauges is more remote from or 
nearer to the centre lines of the spaces between the two inner 
rails than the middle raiL The radii being known, the circular 
measures and positions of the angles of the crossings of both 
gauge roads are readily obtained from the same formulae. 

Case I. — Main Line Straight {Fig, 40). 
As in Case I., Class I., if D be given, 



r» = 



(D-2Z)« 



4{Vir + (7-V2(c + 0}'' 
and 

If r* be given, 

D = 2Z+2Vi^{V7+7- V2(c + 0}- 

Let Si S'l and 84 S4, both in Case I. and Case II., be the rails 
which are common to both gauge roads. 

ou 8>g. 

Broad Gauge, 



2V2r*(g-d) 



_ 2V2t*g 



,,_2V2i*d 



S.b.»= /27^-d), 

S'. W = 2 ^7(7+7) - V2f*(<7-d), 
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= 2^/t*(8 + g)-^2t'g. 



S.V = 2Vr*(» + flr)-y2.*d, 



S'.V= V2»*<i. 



J^arroio Oauge. 



, 2-/2r»d 

"' °"2f*-^ + 2d' 



2^2f»{g-d) 
' " 2f' + y-2d' 



S,«,» = A/2i*d, 



S'.n,* = 2 V»*(» + flr)- V2r*d, 



S,n,* = 2 Vt* («+«?) - V2.*(<7 - d), 



S'4«,« = V2f*(«/-d). 

y8. 8 Z. g, hat > g — d. 

Broad Oauge. 



2>/27(g-d) 
"' - 2i* + j, 

_ 2 V27» 
~ 2i*-j/' 



^. 2v'2r*d 



'» — 



2r* + j/' 



S,6.»= V2.*(</-d), 



S',6.« = 2 V»*(» + S?) - V2r*(ff - d). 



= 2 Vt* (« + ?)- V2»'«, 
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8.5/ = 2 ^^{8 + g) - V^27^, 

Narrow Gauge. 

The circular measures and positions of the crossmgs are given 
by the formulsB in (a), Case I. 

Oasb II. — Main Line Curved (Fig. 41). 
If the distance D be given, we have 



Q^ {D^2l)Vs + g 



r' = 



RiV^+fl'- V2(c + 0} 



r * = - - 



E«0» 



• -4(« + </) + R0» 

K either radius be given, the other is known by one of the 
equations 

''' " R-2r/ *** ""R+2r.*' 
and 



VR(R-r,*) >v/R(R + r,^)' 



2 



= n* ±^, r," = r,^ + ^. 



Without trespassing beyond the assigned limits of exactness, 
we may look upon the centre lines of the space between the 
two inner rails of the broad-gauge road and of the broad-gauge 
reverse curves as being coincident with the corresponding 
centre lines of the narrow-gauge roads, since they are only 

separated by an interval equal to ^ . 
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Broad Oauge. 



. _ 2V2Br.* (B-r.)(g-d) 
"• - 2Er.' + (E-r,')(j,-<0 

V = V 

_ 2 V 2 B r/ ( B"^r7 ,>)^ _ 2 V 2 Bt7 ( B+~r. *) g 
- "2 B r,' + (B - r.») i^ " 2 Br.»4- (B4- r.»)<7 ' 



„ _2 V"2Br.' ( B + «-. V, 
"* - "2 B r,» + (B + r*)d 



a.6' ^ /2 B »•.> (g - d) 
S',6.' = B0-S.V 

S. W = 8*4 6.* 

/2 B »•.* g ^ / 2Br.V 
"V B-r/ V B + r.'' 

/ 2B77d 
S,6,» = BO-S',6/ 



Narrow Qauge. 



n' = 



_ 2 V 2 B r/ ( B - f .') d 
2"B r,' + (B - n') d 



^, _ 2 V2Br.> (B + nO {9_^d) 
"' - 2BT7+(:B + r.')(g-d)' 



/ 2B^ 

^'•' Vb^t;?' 

S',n.» = BO-S.n.» 



^^.{2VT+^-V2d}. 
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/ 2 B r.' (g - d) 



+ 
p. » < <|r, bat > gr - d. 



= \/^r^fi^<> + 9-'^^(9-d)}' 



Broad Oauge. 



^._ 2V2Br.'(B-r/)(flr-d) 

_ 2V2Br.'(B + n')« ^ 2V2Br.'(B-r.')< 
~ 2Er,» + (B + r.')« 2 B r,' + (E - r,») « ' 



^._2 V^Br/(B + r.>)d 
•^ - "2 B r.» 4- (E + r.') d ' 



/2Er.>(g-d) 
S'.6.» = EO-S.6.» 

/ 2 B r,' 8 _ /2 B *•.' s 
" V B-r.» " V E + r.'' 

= BO -8,6.' 



= /v/^.{WT+i-V2-,}, 
^'*' - V E + n^ 

SA' = B0-S'.6,» 
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Narrow Gauge. 

The circular measureB and podtioiis of tho crossings are 
given in (a), Case 11. 

Section V. — Thbouoh Roads. 

As in the case of cross-over roads, there will be two classes of 
through roads. 

Class L comprises all those which connect two roads sepa- 
rated by any number of intervening roads in which the centre 
lines of the narrow-gauge roads, including the two roads con- 
nected, are in the case of some pairs equidistant from the centre 
line of the space between the inner rails of the broad-gauge 
roads, and in others not. 

Class IL comprises all those which connect two roads, sepa- 
rated by any number of intervening roads, in which the centre 
lines of the narrow-gauge roads, including the two roads con- 
nected, taken pair by pair, are in no case equidistant from the 
centre line of the space between the inner rails of the broad- 
gauge roads. 

In Class L general formulsB applicable to every case woidd 
be very complicated, and of no practical* use. Special formulsB, 
therefore, must be worked out for each case ; only one case, 
which is of common occurrence, is here investigated in detail, 
viz.: — 

Through road connecting the up or down road with a parallel 
siding road, separated only by the down or up road ; the middle 
rail of the siding being at the same distance firom the centre 
line of the space between the two inner rails of the intervening 
road and the siding, taken as a pair, as the middle rail of the 
intervening road is from the centre of the mam line. 

Class I. 

The communication between the two outside roads must be 
established by means of two reversing curves, separated by an 
interval of straight^ for the reasons given in Section lY. 

The simplest combination of reverse curves, separated by an 
interval of straight, is that in which the straight parts of both 
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through roads are parallel to one another, and their centre lines 
coincident For the broad-gauge through road the combination 
adopted is explained in Chapter III., Section V., Cases I. and III. 
The centre lines of the narrow-gauge reverse curves will meet 
tangentially the common centre line of the straight part of the 
through roads, and the centre lines of the narrow-gauge main- 
line roads at the points where these are cut by the normals, 
through the springings of the broad-gauge reverse curves. 

Let O O' 83 Sa 8i (Figs. 42 to 47) be the normal through the 
centres of the reverse curves meeting the rails of the main road 
in Si 82 S3. If P (Figs. 42 and 45), the radius of the broad- 
gauge reverse curve, which passes through the point where 
either rail of that reverse curve first cuts a main-road rail, meet 
the common centre line of the two roads in P, the point P will 
be the commencement of the straight portion of the broad-gauge 
through road, and if O' F parallel to P meet the centre line 
of the narrow-gauge through road in F, the point F will be the 
commencement of the straight portion of the narrow-gauge 
tbrough road. Therefore, 

F = radius of broad-gauge reverse curve 
P' = radius of narrow-gauge reverse curve 

Draw 0' Q meeting O P at right angles in Q, then 

O'F = OP-OQ 

= OP- 0' COS. POO', 
Oa = 0S|-0'8i 

= /-.- + -. 

Therefore, if angle P 0' be denoted by the letter O, 

r* = / - ^/ - r* + -^ cos. 

_ J d COS. O 

" *" " 2 (1 - cos. 0) • 
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The preceding inyestigation applies to each of the three 
cases: 



a. B> g. 



fi. » Zg- 



l8t. Main Boad Straight. 




COS. = 


2t*-g 
2,* + g' 




f* = 


d{2r^-g) 
4? 






i^g-dif" 
2j/ • 




n^lecting 


d 

I' 




COS. = 


2t*-g-2s 
2i*-<7 ' 




f* = 


. d(2.>-y- 


2s) 


•^ is 




= 


(2«-d)r* 
2» ' 




nAcrlAnfincr 


d(g + 2,) 





4:8 



2nd. Main Boada Curved^ Curvature of Beoerae Curves in the aame 

d reciion. 



and 






^ 


0" 


t* 


— r^j 




«■• 


^ 


r.'- 


d COS. 0" 




•^ 


2(1- 


COB.O' 


') 




— 


r.»- 


<^- 


2 Bin." 


0"\ 
2) 




0" 

4 Bin.^ -rr 






= 


r.'- 


d 
0"" 







putting sin.^ = -g- , and neglecting - . 
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Brd, Main Boads Ourvedy Curvature of Beverse Curves in the opposite 

direction. 

= 0' r* = r,\ 

Before the circular measure of the angle rii, where main-road 
middle rail is cut by the outer rail of the narrow-gauge through 
road can be obtained, it is necessary to ascertain whether the 
middle rail is cut by the curved or straight part of the through 
road. 

Now, the interval between the centres of the two reverse 
curves at the same springing is equal to 

therefore the perpendicular distance between the two radii is 
equal to 

where O is equal to the angle P O O', P O' O', or P O" 0\. 

1st. When the main roads are straight, we have 
oc s^ g. 






___ nearly 



V2sr 
^. s<g. 

( f* — r^ 4- H I sm. O = , — 
V ^2/ V2« 



2nd. When the roads are curved, curvature of reverse curves 
in the same direction, we have 
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a. 9^ g. 



_ d V r.> (B - r.>) 
p. »<g. 



rr/T,-+^ Bin. o- = ^^^':(^"^'r 

3rd, When the loads are curved, curvatore of reverse curves 
in the opposite direction, we have 

a, 8 ^ g. 



(...., + |)sin.0' = (^. + ^)0' 



V2{R-(n + l)(« + </)}i/ 
fi. 8 <:g. 

Let Q (Figs. 42, 43, 44, 45, 46, and 47) be the point where 
the radius from the centre of the broad-gauge reverse curve, 
which passes through the end of the interval of straight, is cut 
by the outer rail of the narrow-gauge reverse curve, and q the 
point where the rail S3 i^^ is cut by a normal to the main line 
through n^. 

The interval between the point Q and n^ is equal to 

± accordingly as the point Q falls without or within the space 
d between the two inner rails S2 6i^ S3 61^. The condition that 
the middle rail should be cut by the reverse curve of the narrow- 
gauge road, is simply that this interval must not be less than 
the interval between the broad and narrow-gauge normals, 
which pass through the adjacent extremities of their respective 
intervals of straight 
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The expression n^n^ ± Qwi^ will have two values in each of 
the three cases corresponding to the two relative values of a 
and^. 

a. 8^ g. 

The point Q, in each of the three cases, lies outside the space 
d between the rails S2 h^ and S3 h/, and 

Qn^-^-n^n* = Qb* cot. 6i" -j-qn^^ cosec. n* 

exactly if the main roads be straight, and very nearly if they 
are curved. Whether the roads are straight or curved, 

T d 

If the roads are straight, 

Bin. fii' s sin. 






COS. til* = cos. hf = 



2f*-^ 



and 

4^2.*^ ^ 2V2r'j/ 

_ 3dV7 
~2^/T^' 

If the roads are curred, the reverse curves curving in the 
same direction, very nearly 

sin «• - sin 6" - ^^ l^^i {& - r^) g 

cos n» - cos 6» - 2B^''-(B-'-.')g 
COS. n. - COS. 6. - 2Er.'+ (B - r/)7' 

and 

Q6.» cot. 6.» + gn.» cosec. n.' = <^ (2 »*•«'- ^ - r.>) g} 

d{2Br ,'+(B-r.>)g} 
"^ 2V2Er/^-r/)^ 



SdVBr/ 



2V2(B-rj»)j7 
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Similarly, if the roads are curved, the reverse curves curving 
in the opposite direction, 

And the equations of condition are : 

Main Boad StraigJU, 



2^2g ^2g 
or 

3>2; 

therefore the middle rail is always cut by the reverse-curve 
rail. 

Xain Boada Cvrvedy Curvature of Beverae Curves in the same 

directum. 



2 V2(R-r/)^ ^ V 2lR^ 
or 

3R ^ 2(R-ra*); 

therefore the middle rail is always cut by the reverse curve. 

Main Boada Curved, Beverse Curve Curving in the opposite direction, 

3d_VrtMR-(n+l)(g + <y)} ^ d^7^+r,'^{n+l)(s+g) } 
2^2{B+r,'^(n+l)(s + g)}g V 2 {R - (n+ 1) (« + (/)} ^ 



r — - 9 



or 

3 {R - (n+ 1) (s + g)} ^ 2 {R+ r.* - (n+ 1) (s + g)} 

R-(n+l)(« + (/)^2r,^ 

therefore, if the radius of the main-line road be less than twice 
the radius of the reverse curve of the through road, the middle 
rail will be cut by the straight part of the narrow-gauge road. 

fi. s <g. 

The point Q will sometimes lie within and sometimes without 

I 
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the space d, between the rails 8261^ and 8361^; therefore the in- 
terval between Q and Wi^ is 

Wi'ni* ± Qn," = qn^^ cosec. n/ ± Qc cot. 6^', 

being the point where the radius O Q cuts the rail S3 61^ ; also 
very nearly in each case 

Qc = ± U sec. 6/ - ^ + ^V 

+ according as Q lies without or within the space d, between 
the rails Sj V and 8361^; therefore wherever Q may lie, 

ni^ n/ ± Qn^" = a cosec. W — (g "- 9 ) cot. 6/ + S' V cosec. »,'. 
When the main line is straight, 



sm. Wji" = sm. 61 = sm. 62* = -^— ^ , 

if 

.3 ., 2i^-2s-5r 
COS. ni = cos. 0/ = COS. Og* = — ^m » 

and 

»i' »i" ± Q n^' = (« + cQ cosec. 6,* - ^^ - - J cot. h,^ 

^ (8 + d){2f'^g) _ (2g^d){2f^^2s^g) 
. 2 V'27~8 4 ^"2/7 

_ (2 8 - 2 ^ + 3 d) V7 
2V'27 

When the roads are curved, curvature of reverse curves in 
the same direction, the exact values of sin. rii^, sin. 61^, cos. 7^l^ 
cos. 61^, are 

'"'•**^ = r,H2B-^) -" 

COS. n, = ^7(2 E^T^) ' 

. .3 2V"2Er2*(K«-r/^) 
^"^•^^ = r2H2B-^) ' 

,, ., 2B(r,^^.) + r/(/ 
COB.0. - ra^(2B-^) 
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Since the value of s lies between g and gi — d, the deviation 
from exactness, so far as our present object is concerned, will 
be inappreciable, if we put 

Bin. «.» = sin. b,' = 2_^JMMIlSl, 

r/(2E-^) 

COS. «,' = COB. 6,» = ^* '', • 

r.'(2B-!/) 

With these values we get 



2 -v/ 2 (R - r,') 8 

Main Line Curved, Curvature of Reverse Curves in the opposite 

direction. 

As in the preceding case, it may be shown that 



n««» + Qn» = (2^ " 2 ^+3j) V {R - (n+1) {B-\-g )}rl 
* * ■ 2^/2{R + r.^-(n+l)(« + (7)}« 

The equations of condition are : 

Main Road Straight 

(2 8 ■- 2 y + 3 d) V7 _ dV7 ^ 

2 v'TJ 2 V"2^ 

or 

Main Roads Curved, Reverse Curves Curving in the same direction. 



(2«-2^ + 3d)VRr/ _ d ^ rj' (B -- r^') 



2V2(R-r/)« V2R« 

or 



- d dr' 



*^^-2'- R 

JIfatn Boads Curved, Reverse Carves Curving in the opposite direction. 

(2s- ^g_+ Sd)^{H - (n +1) (, +^ jyg 
2 ^ 2~{B + r, - {n + 1) {s + g)} s 



- dVr.>{B + r.- (» + l)(<, + g)} 
V2{R-(n+l)(»+<7)}« 

I 2 
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or 

_ d dr^h 

'^^■"2 + R-(n+"l)(a + l/)* 

In the two first cases the middle rail will always be cut by 

the reverse curve, if 

-. d 

In the last case it will always be cut by the straight part of 
the through road, unless 

R-(n + l)(8 + ^)>2rA 

The relation between r^^ r,* and E is given by the equation 

B _ B (n+l){s + g) 

since we- may use for the purpose of this investigation the 
radius of any of the main roads indiscriminately. 

Now Ti has a minimum value when r/ has : consequently, 
since in order that the middle rail may be cut by the reverse 
curve when s just equals ^, r^ must not be greater than ^ E, 
the following equation gives the minimum value of E in terms 
of the minimum value of r/ : 

8 

If E = 6 r,*, the condition that the middle rail should be cut 
by the reverse curve will be practically identical with 

_ d 

and the minimum value of E in terms of the minimum value 
of Ti will be given by the equation 

8 

Since in Class I. the centre lines of the two outside rails of 
the through road at one end meet together at a common 
tangent, and gradually diverge until at the other end, where 
they become the two inner rails, they are separated by the 
interval dJ, the narrow-gauge rail must commence with a switch 
or a fast point at a certain distance from the point of the 
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switch of the broad-gauge rail, which depends upon the relative 
magnitude of the radii of the two reverse curves. Theoretically 
it is a matter of no consequence where the point of the switch 
or the fast point may be situated ; practically it is necessary 
that the centre lines of the rails should be separated by an 
interval not less than e -j-t before the first main-line rail is 
crossed, if a switch be used ; since, independently of the diflB- 
culty of working the switch in any other position, it must be so 
situated as not to cross any of the main-line rails, wliich it will 
rarely be if the condition above stated is not fulfilled. If a 
fast point be used, it is immaterial where the separation of the 
two rails takes place. In any case it is much the best and 
simplest plan to use a fast point. 

The condition that the centre lines of the rails should be 
separated by an interval not less than o -^t before the middle 
rail is reached, is simply that the distance from the springing 
of the point where this amount of separation is attained must 
not be greater than that of the narrow-gauge crossing of the 
middle rail. 

When the middle rail is cut by the rails of both the narrow- 
gauge and broad-gauge reverse curves, this condition is expressed 
by the following relations : 

a 

JIfatn Boads Straight 



/2 r» r» (c + .-jT— ; TT- 

V ^_/ ^ < V2.-(</-d). 



Main Boads Curved. 



/ 2r/r.»(c + / 2Rr/(g-d) 

V r/ - r." ^ V R - r,- ' 

/ 2r."r/(c + <j . /2R.r.'(g-d) 

V r,'-r,' ^W R,4-r.« 

Since the middle rail is always cut by the rails of the reverse 

curves if 

_ d 

except in the case of the reverse curve radius r,*, when Ei is less 
than 6 r/, in which case the crossing will be more remote from 
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the springing than when it is cut by the curve, therefore the 

above relations hold good for all cases. 

When 

_ d 

they assume the following special forms : 

Casb I. — Main Boads Straight, Beverae Curves separated by an 

interval of Straight. 

s> g- 

Since 

the condition becomes 

2(/(c + 



<g -d. 



8 Kg- 

Since 



28 ' 



the condition becomes 

2 8{c + t) 
d 



<g "d. 



Case II. — Main Boads Curved, Beverse Curves separated hy an 

interval of Straight. 

Whether s be 7 Z ^, we have 

d 



r»' 


=: 


r.' 


— 




r," 


= 


n' 


— 


d 

Q/2» 



and the conditions for the two reverse curves become 



V d "^ V m - r,») 0"« 4- d ' 



/rjj^±i) / B(g-d) 



(R + r.») 0" - d 
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a. « > g'. 

since we may put E - (w + 1) (s + j') = E ; and the condi- 
tions become 

d ^ 2B,g + dry 

c + t B.{g--d) 

d ^ ^Ug-'dry 



fi. 8 <g. 



_2R£_ 



and the conditions are 



c + t R(gr-d) 

d ^ 2'R8 + dry 
c + t R(g-d) 



d ^ 2R«-dr,* 



r2* , r,' 



When the ratios ^ and :^ are so small that we may neglect 

the terms -^^-, -^^ the conditions in Case 11. become iden- 
xC xC 

tical with those in Case I. 

Case I. — Main Boads Straight^ Reverse Curves separated by an 
interval of Straight : one intervening Boad, 

See Chapter ITT., Section V., Case I. For positions of cross- 
ings, see Fig. 51. 

a. 8 ^ g. 

^ g(D-2Q' 

2{s + 2g-2^/g(e + t)}'' 
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Il* 


= V 


2V2r*(^-. 


«0 


0l 


- 2i* + j^ 




w 


= W 


2V2i*j 




»1 


= «.' 


2 Var*^ 




n' 


2V2i*(j7- 


«0 


"i 


2*- + ff 






».• 


2V2»-d 


- • 



The circular measures of the angles of the remaining cross- 
ings are equal to each other and to h^^; also 

cot 6i* = — ^ , cosec. bi* = — ' ^ • 

2V2r*^ 2V^7^ 

With reference to the positions of the crossings both in this 
and every subsequent case, see remarks at the end of Sec- 
tion v., Chapter III. 

The total distance between the springings of the reverse 
curves is 

2{8 + 2g)^f7' 



8g6, 




S.6. 


= V2r*(j,-d), 

= svv - 



= V2f*s?, 

= S, V + » cot. 6,* — g cosec. 6,' 
V2</ 
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S,n.« = S',n,' 



= V2t-(j,-d), 
S, n.» = 8', «/ 

= 8fb^ — - ooseo. V 
8. n,' = SV n.' 



= V 2 »- d, 
S« n.' = 8', n.' 

= 8* V + H ooseo. 6,' 

^ V7(2« + 2y + d) 
2V"27 



^. » Z flf, but ^ jr - 3 . 



^_ «(D-2 0' 



2{2« + ^-2V«(c + 0}'' 

(2«-d)r* 
2^ • 

^ 2V2i*(g-d) 
2»* + </ ' 
6.' = V = n.» = n,' = 6,* 

_ 2 V2i*« 
- 21^-^ • 



_ 2 V2f»(g-d) 
2i- + <? 



«.* = n/ 



2 V2»»d 
2r»-Sr4-d 
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The circular measures of the remaining angles of the crossings 
are equal to each other, and to V ; ^l^o 

cot. Oj = . — cosec. Og* = — , • 

2V27*« 2V2/« 

' The total distance between the springings of the reverse 
curves is 

2 (2 8 + gr) >/? 



= V2/(^-d), 

= V271, 

= S4 62* + S' coseo. 6a* — 8 cot. 5a* 
V2a 

= V2r«(^-d), 

Sa n,» = SV Wa' 

= Ss 61* — o cosec. hi* 

_ V7 (2 g + 2 gr - <;) 

2 V 2« 

53 r?a« = SV »/ 

= V 27^, 

54 Wa* == S'e < 

= S4 62* + ^ cosec. 62* 

_ V7(4 g + fZ) 
2VI7 
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Cash n. — Main Line Ourvedy Beverse Curves eeparated by an interval 

of Straight. 

See Chapter m., Section V., Case III., and Chapter IV., 
Section L, Cases 11. and III. 
For positions of crossings, see Fig. 51. 

a, 8> g. 
If the radius r^ be given, 

Itg-2(8 + g)rJ> Bg^2{s + g)ry 
If the radius ri be given, 

•■^ -Bg + 2{s + g)rr 
r* = r * 

_2E£_ 2Bg 

r,»(B-r,»)' ^ -r.MR + r,»- 2 (« + ?)}' 



also 



V r.^R - r,*) V n* {R + r,^ - 2(« + ^)} 

Whatever may be the relative values of E and rj*, the second 
and third rail of the main road will be cut by the first rail of 
the curve radius ^2*, and the second rail of the main road by the 
first r«ul of the curve radius rg" ; the same remark applies to 
the curves radii r^*, r^", when 

2n» zR-2(« + ^); 

when 2 Vi has a greater value than this, the second rail of the 
main road is cut by the straight part of the first rail next to the 
curve radius r*. 

"Where any main-road rail is crossed by the parallel straight 
rails of the through road, the circular measure of the angles of 
the crossing of any main-road rail by either of the narrow-gauge 
rails will be practically equal to that of the crossing of the 
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same main-road rail by the nearest broad-gauge rail. When 
therefore 

we have 



^' "2Er,» + (R + r,*)(!+(R-r,*)((/-(Z) 



, 2V2Br/(B-r,")((y-d) 
2Br,« + (E-r,-)G7-d) 



«! = 



«i' = 



2V2Bra"(B~ra")^ 
2Br,- + (B-rj-)^ 



2V2Br/(B-r,^)(y ^ 
* 2Br/ + (B-r,0l7 



, _ 2 V2Br2"(B-ra")d 

«2 — 



2 B r.- + (E - r.") i - (B+r/) (flr - d) ' 

2 V2Bn'{Bi/-r.> («"+?)} 
"'-"•- r/(2E-2,-j,) ' 

' ' r,»(2B-2»-2d-^) ' 

r,'{2B-2«-3^} 

6. = -. = 2V2Br.'{Bg-n(« + d)} 
* r.»(2B-2«-2d-8^) ' 

6 • = < = 2V2Br.°{Bg-r/(<. + g)} 

n»(2B-2«-3^) 



^, ^ 2 V2 {B-2 (s+g)} r.' {B+r.'-2 {»+g))g 
' 2{B-2(«+j,)}r.'+{E+r.»-2(«+j,)}^ 



2V2En'(B + r,')^ 
2Br.»-4r.'(« + j,) + (B + r.')j,' 



" 2Er.--4n-(« + ^)+(E + n")<7' 



DOUBLE-GAUGE ROADS. 125 

Similarly, 

j^. ^ 2V2B<(B + «-.>)(g-d) 



n/ = 



2Er.'-4r.'(«+f,) + (R-r.')d+(E+r.')(<?-«l) 

2 V2Br.'(B + r.')<i 

2 B r.--4 r.-(« + <;) - (B-r,-) (j; -d) + (B + n") d ' 



^,_ 2V2B r.-( B + r.')(g-d) 

fig — 



The interval between Si and S'l is equal to RO, and that 
between Sj, and S'9 to {R - 2 (s + ^)} 0. Also, 



B.V . V^^a^ 



/2B^ 
84 6,« = (E - » - <7) (0" - V), 



^"^ -V B-r,- ' 
J, / 2Br,'d 



/ 2Br.>(flr-d) 
^•^» -VB + r.'-2(«+<,)' 

»'"» -VB + r,'-2(«+?)' 
S'.6.' = (B-«-jy)(fe.'-0'), 






The positions of all the crossings may be readily fixed on the 
ground by means of the distances given by the preceding 
formulse, since the remaining crossings are those belonging to 
the straight part of the through road. 
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When 

since in this case n2 = ii'a^, the rails at these crossings being 
parallel, the circular measures and positions of all the angles 
will be the same as those already given, except in the case of 
r^2^ for which 

S'.n/= {B.2(« + (7)}K-0'). 

fi. 8 /. g- 

If the radius Ti be given, 

{E«2(« + ^)}r/«_ lira's 

■ 1 — 



B8^2(8 + g)r^' B.8 - 2(8 + g)r^' 
If the radius Ti be given. 



To = 



Br,*« Br/« 



' {B-2(« + (/)}« + 2(8 + (7)r/ B8+2{8+g)rr 
also 

Ta _ ra — g^^ > 

••• — ••" _ __ 

0-= 2E. ^,,^ 2B. 



r2'(B - r/) r.^ {B + r/ - 2(« + ^) 



O = / ^^' - / 
V m - r.n rJ V 



2E« 



(B-ra^ra^ V r,' {B + r,' ^ 2 (s + g)} 

The remarks made in (a) with reference to the circular 
measures of the angles of the crossings of the main-road rails 
by the straight part of the through road apply also to (13). 

Whatever may be the relative values of R and r^^, the second 
rail of the main road will be cut by the first rails of the curves 
radii r^\ r*, if 

_ d 
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The same remark applies to the curves radii r,*, r*y when 

or practically whenever 

E 5 6 r,». 

When this last relation holds, 



. . _ 2V2Br/(B-r,>)« 

^ ~ • " 2Br,» + (B-r,»)« ' 

. . _ . _ 2 V2Br/(B.-r.»^) 
6. _ «. ^^,^2 B --^) ' 



2V.2Bn» {-Rb-jt^ {s + g)) 
0. -n, - r,'(2B-2«-^) ' 



h » - « » - 2VJ^B r,' {K » ^»-« (« +_? -M)} 
' ~ • r,» {2 E -2 « - 2 d - ^} 

, , _ , _ 2 V2Br.,ME«-r/(g + d)} 
"'""'" r,'{2B-2»-2d^^r ' 



2V2Er.>{B«-r,>(« + g)} 
o» - «a - r/(2B-2s-8gr) 

_ 2V2'Br.'(B+7 r)^ 
**■-♦»•- 2 B r.- 4- (B + r.«) « 



.,_ . 2V2Br,''{2B«-r/(8 + g)} 
"»-*'•" r,» {2 B - 4 « - a ^} 

As in (o) the interval between Si and S'l is equal to E 0, 
and that between S^ and S'^ to {E - 2 (s + g)} 0. 

The positions of the angles h^, h^*, 6i*, 6a', h*, h^ fh*, th\ th', 
n^, are given by the fommlse 

S.fe.' = E(0"-6.'), 






'.• = ^/ 



2 B r,' « 



128 SWITCHES AND CBOSSINGS. 

8',6'= {B-2(» + j7)}(6/-0'), 



s.^..^l£^^. 



/ 2Br.*(g-d) 
/ 2Bn'(g^" 

*^"' " V — w::^' — ' 



V»»/ = \/ 



g, _, , 2Br."d 



E + r.--2(« + J7) 



When 



S' ^» - / 2Br.-(g-d) 






or practically when 



_ 2VR nM2Bg^ + n'g^-2 rid} 

No example of a double-gauge road either does or is likely 

to exist in which 

d 

The values of the circular measures of the angles and their 
positions, omitted in (a), are the same as those of the same 
angles in (/S). 

Class II. — In this class the broad and narrow gauge roads 
have one rail in common. So far as the values of the radii of 
the reverse curves, the intervals between their springings, the 
circular measures and positions of the angles of the crossings of 
the broad-gauge rails by the broad-gauge rails, are concerned. 
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the solution of each problem is identical with that for single* 
gauge roads. Formulae giving the circular measures and posi- 
tions of the rest may be easily obtained on the principles 
ah:eady explained for each particular case. 

Secjtion VI. — Crossings on the Level. 

The circular measure of the angle of the crossing of any 
broad-gauge rail by a narrow-gauge rail is practically equal to 
that of the angle of the crossing of the same broad-gauge rail 
by the nearest broad-gauge rail ; and the circular measure of 
the angle of the crossing of any narrow-gauge rail by a broad- 
gauge rail is equal to that of the same narrow-gauge rail by 
the nearest narrow-gauge rail, and therefore these circular mea- 
sures are given by the formuIsB, Section VI., Chapter III., care 
being taken to give to a and g their proper values. 



CHAPTER V. 



RECAPITULATION OF FORMULA OF CHAPTERS II. AND III., 
AND REMARKS ON THEIR PRACTICAL USE. 

The points ei\ c^j &c., are the points of intersection of the 
centre lines of the rails which cross each other, and conse- 
quently not the actual points of the crossings. Since the width 
of the crossing, where the centre lines of the two rails intersect, 
is equal to the thickness of the upper flange of one rail, viz, t, 
if t' be the thickness of the point of the crossing, and c the lead 
of the crossing, the interval between the actual point of the 
crossing and the intersection of the centre lines of the two 
rails will be 

c 

In Fig. 48 the two dotted lines are the centre lines of the 
two rails ; the point e, where they intersect, is the one whose 
position is given by the formulae. If the line of the inner edge 
of either mil, bd or h'd,he produced till it meets the outer 

K 
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edge of the other in d or (T, either of these points will be at 
the same distance as c from the springing of the curve. 

Thus the position of the point e can be readily marked on 
the crossing by means of a straight-edge or a string. 

When the centre lines of both roads are staked out, as in 
the case of main-line junctions, it is not necessary to fix the 
positions of the crossings by calculation, but it will very much 
expedite the work to do so. 

In station-yard work — even in the case of a new station — 
where the roads are supposed to be laid in according to a 
detail plan, the centre lines of the sidings are rarely staked out. 
For the subsequent minor alterations after the opening of a 
railway, plans are rarely provided, and when provided still more 
rarely worked to— in nine' cases out of ten because the leads of 
the crossings sent on to the ground do not suit the plan. In 
addition to these cases, catch sidings, cross-over and through 
roads are continually being put in, for which it would be ridi- 
culous to provide special plans, and for which whatever crossings 
are at hand are used. 

Now, when the centre lines of both roads are not staked out, 
the springing of the curve is not marked out on the ground, 
and the position of the crossing therefore is determined by that 
of the point of the switch ; consequently all that is necessary 
to be known in order to put in the road correctly, is the 
interval between the heel of the switch and the point of the 
crossing, which is equal to the difference between the distances 
of these two points from the springing, and is therefore known 
from the formulaB. 

The radius of a siding road where no fixed plan is adhered to 
is rarely known by the superintending platelayer who usually 
uses for the purpose whatever crossing comes first to hand. 
Hence, in pr8U5tice, formulae which give the intervals between 
the heel of the switch and the point of the crossing in terms of 
the circular measure of the angle of the crossing will be most 
generally useful. They are veiy readily deduced from those 
given in the preceding chapters. 

It must be borne in mind that in these formulae g is not, 
strictly speaking, the gauge, or s the interval between the 
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flanges of the inner rails of a double road, but the interval 
between the centre line of the rails in each case. Practically, 
whatever may be the thickness of the rails, in the case of 
4 ft. 8^ in. gauge roads we may put ^ = 5 ft. and s = 6 ft. ; and 
in the case of 7 ft. gauge roads, ^ = 7 ft. 3 in. and s = 6 ft. 

The fonnulsB given in Chapters III. and IV. have been 
obtained by strictly carrying out the rule for simplifying the 
results laid down at the commencement, viz. the rejection of all 
terms of the order gf^ s^cP, ffd, ffs, ad. As they stand they still 
give results much more exact than are required in practice; 
and it will be shown in this chapter, by the actual working out 
of a few extreme examples, that they may safely be very much 
further simplified. Four chains may be taken as the sharpest 
admissible radius on a 4 ft. 8^ in. gauge road, and five chains 
on a 7 ft gauge road. 

The value of the circular measure of the angle of a crossing 
is expressed by a fraction whose numerator is unity. The 
value of the denominator will be sufficiently exact if it be put 
equal to the nearest integer if the lead of the crossing is long, 
or to the nearest half integer if the lead is short. Thus the 
leads of ordinary crossings will be expressed by the fractions 

111111^ 
6' W 7' 7j' 8' 9' *''• 

Hence any simplified formula, which gives the value of the 
denominator within '25, will be sufficiently exact for crossings 
sharper than 1 in 8, and within *5 for crossings easier than 
lin8. 

Section I. — Single-link Junctions. 

Case I. — Curve leaving Straight Line. 
Tho exact formula is 

'^ -^7+7- 

Putting r = 66 X 4 ft. = 264 ft., we get for the 4 ft. 8i in. 
gauge. 



5-2 

K 2 
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PuttiDg r = 66 X 5 ft. = 330 ft., for the 7 ft. gauge, 



c« = 



4-9 
If we omit the term g in the denominator. 



c« = 



2ry _ / 2^ 



2V2r^ 



This formula gives for the 4 ft. 8^ in. gauge, 

1 



c« = 



5a' 

for the 7 ft. gauge, 



c« = 



1 



4-8 



Hence the latter formula gives the lead within the required 
degree of exactness. 
The converse formula is 

2(7 






The interval between the heel of the switch and the point of 
the crossing is 

Case II. — Qwrm leaving Gurve^ Curvature in the same direction. 

Since the radius of the siding road must be much less than 
that of the main road, we may take eight chains as an extreme 
value of the latter. The exact formula is 



2V2Br(B-r)^ , 
' "■ 2Kr + (R-r)^ ' 



and we get for the 4 ft. 8^ in. gauge road, 

1 



c« = 



7-3 
for the 7 ft. gauge road. 



"• =8 
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If we omit the term (E — r) ^ in the denominator, the formula 

becomes 

, __ 2V2Br(B-r)<y 



= V — b7 



This formula gives for the 4 ft. 8^ in. gauge, 
for the 7 ft. gauge, 



c« = 



7-9 



Hence the latter formula gives the lead within the required 

degree of exactness. 

The converse formula is 

2Bg . 



r = 



Rc,«+2^ 



and the interval between the heel of the switch and the point 
of the crossing is equal to 



smce 



Er-r-R-r = ^ 1 2 ' 

2 

Case III. — Curve leaving Curves Curvature in the opposite direction^ 

We may in this case put E = r. 
The exact formula is 



c« = 



2V2Br(B + r)ry , 
2Br + (B + r)^ ' 

and we get for the 4 ft. 8^ in. gauge road, 

*• -8-6' 
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for the 7 ft. gauge, 






3-6 
K we omit the term (R -f- r) ^ in the denominator, we get 



c« = 



_ 2 V2Br(B + r)y 
2Er 



-^ 



2(R + r)(/ 



Er 
This formula gives for the 4 ft. 8^ in. gauge, 

1 

3-6' 
for the 7 ft. gauge road, 



c» = 



c« = 



* 3-4 

Hence the latter formula gives the lead within the required 
limits of exactness. 
The converse formula is 



♦r = 



2R^ 



Ec»*-2^ 

and the interval between the heel of the switch and the point 
of the crossing is equal 

since 

Rr^E + r = ^f^ : ^'^/-2E^ + 2E^ 

Ec/-2^ " Ec/- 2g 

21/ 



C| 



* If we make use of the exact formulaB to ascertain the value of r, we obtain 
quadratic equations in terms of r. Neglecting terms of the order g\ one root of 
each of these quadratics will be r = 0, which corresponds to a straight line from 
point of switch to crossing ; and the other will be very nearly equal to that given 
by the simplified formula in Case I. differing from it by the length (/, in Cases 11. 
and III. by a small fraction of g. If the terms of the order g^ be retained, we 
shaU obtain two values for r, one positive and very nearly equal to that given by 
the simplified formula, and the other negative and very small. The curve corre- 
sponding to this last value of r wiU occupy the position of the dotted line in the 
figure. 
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Section II. — Double-line Junctions. 

Case I. — Curve leaving Straight Line. 

In the preceding section the formulse have been simplified 
by leaving out the term ff in the denominator. In Section IT. 
the corresponding term in the case of c^^ is 2g-{-8, In no 
other case has this corresponding term a greater value. If, 
then, its omission in this case does not affect the result, it 
ctmnot do so in the others. 

The exact formula is 



c» = 



_ 2^/2rg 
2r+2g + 8' 



Putting r = 4 x 66 ft. = 264 ft., ^^ = 5 ft., s = 6 ft., we get 

for the 4 ft. SJ in. gauge, 

1 



c» = 



5-3 



Putting r = 5 X 66 ft. = 330 ft., ^ = 7 ft., 8 = 6 ft., we get 
for the 7 ft. gauge, 



c» = ^ 



1 
5 



If we omit the term 2ff + 8 in the denominator, the simpli- 
fied formula is 



c.« = 



2^ /2rg 
~2V~ 



= ^^'• 



For the 4 ft. 8^ in. gauge (see Section I., Case I.), 

1 



c« = 



5a' 

for the 7 ft. gauge. 



c» = 



1 



4-8 
Therefore in all cases, within the required degree of exact- 



ness, 



C| — Cg 



-V¥' 
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C ,' = C* 



= v/^ 



+») 






The converse formulsB are 





^9 


2(» + Sr) 


2(2s/ + «) 


2«. 


T 


~~ a "~ 


2 


a 


= j» 




c.' 


C* 


«/ 


c' 



consequently the distance from the heel of the switch to the 



crossing e^ or (Jj* is 



2Vs'(V^-Vc + 0. 



c.^ 



to the crossing Ci^ or (JaS 



c» 



to the crossing c/, 

2 V 27+1 (V2741 - Vc+0 . 



c* 



to the crossing C2, ^ __ 

2V« ( V« - Vc + 



Ca» 



Case II. — OMr»e leaving Curve, Curvature in the same direction. 

In Section I. the formulae have been simplified by leaving 
out the term (E — r) ^ in the denominator. In Section IL the 
corresponding terms are in the cfise of c^y (E -f- r) s + 2 R g. 
In no other case have they a greater value. If therefore their 
omission in this case does not affect the result, it cannot do so 
in the others. 

The exact formula is 

« - 2V2^(B-r )7 
^* " 2Er + (E + r)«-f2'B^' 
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With the same values for R and r as in Section I., Case II., 
for the 4 ft. 8J in, gauge, 

1 

for the 7 ft gauge. 



c» = 



c.* = 



8-3 



If we omit the term (R + r)8 + 2R^ in the denominator, 

the simplified formula is 

, _ 2 V2Br(E-r)^ 

^ ""^ " 2b; 



/ 2(R- r)ry. 

= V — r7 — ' 

for the 4 ft, 8J in. gauge, 
for the 7 ft. gauge, 



c« = 



7-9 



Hence, within the specified limits of exactness the two 
formulsB give identical values, and therefore for all possible 
values of E and r. 






2(B -r)(« + g) 
W~r ' 

Br 



2 (B - f ) « 
Br 

The converse formulse are 

2E<7 2B(» + g) 

2R» 2B(g + 2gr) 



Ec," + 2« 2Ec/ + 2(« + 2sf) 
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The distance fix)m the heel of the switch to the crossing in 
eadi case is given by the formuke in Section 11., Case I. 

Casb IIL — Curve leaving Curve^ Curvature in the opposite direction. 

The terms to be left out in Case III. in order to simplify the 
formulae have the same maximum value as in Case 11. Conse- 
quently for all possible values of the radii the simplified formulae 
are practically exeicL They are 



5.* = «.* = >/ 



2(B + r)g 
Br 



2(B + r)(« + g) 
Br 



.._, /2(B + r)(, + 2g) 
'' " V b7 



«^' = \/ 



2(B + r)« 



Br 

The conTerse formulse are 

2Bflr _ 2E(» + 9') 



r = 



Ec.«-2g- B c," - 2 (« + s-) 
2B» 2B(«+2gr) 

Be/- 2« Be/- 2(8 + 2g) 

The distance from the heel of the switch to the crossing in 
each case is given by the formula at the end of Case I. 

Except in the case of Cg* the simplification of the formulse has 
been effected by diminishing the denominator, and therefore if 
the value of the denominator in the result lie half-way between 
two consecutive values, the latter ought to be adopted as the 
nearest in every case except that of c^\ in which the less value 
ought to be adopted. 

A little consideration will show that the simplified formulae 
rest on this assumption, viz. that the radius of the curve of each 
rail is practically equal to the radius jof the curve of the centre 
line. 
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Section III. — Thbee Throws. 

The fommhe in aach case are simplified in the maimer ex- 
plained in Sections L and IIL 

The only special features are the relations between e,, e, 

1 s 

and Cm, the positions of the heels of the switches, and the distance 
of either of these from the crossing e^. 

Whether the main line be straight or curved, if the branch 
roads curve in opposite directions, 



-VK^^> 



1 t 

If the branch roads curve in the same direction, 



■---yKh-T)' 



t I 

When the branch roads curve in opposite directions, since the 
two contiguous rails of the branch roads are separated by a 
main-road rail, the clearance in each case takes place between 
a branch-road rail and a main-road rail, and therefore the 
distances of the heels of the switches from the springings of 
the curves are 



♦ V2n(c-h0 = 



Cr 
I 



V2r,(c + = 



2Vgr(c + <) 

s 



When therefore Cr = Cr the heels of the switches are at the 

s.„e di^W fto. L sponging. 

When the branch roads curve in the same direction the con- 
tiguous rails of the branch roads lie on the same side of the 
main-road rail in contact with them, and the clearance at the 

* These formulsB in terms of the radius suppose the main line straight. Since 
the formulsB expressed in terms of the leads of the crossings are the same in each 
case, the proof holds good when the main line is curved. 
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heels of the switches in one ease takes place between a main- 
road rail and a branch rail, and in the other between two 
branch rails. Therefore the distances between the heels of the 
switches and the springings of the curves are, ri > r2, 



V 2 r. (c + = ' 



V 



2r,r,(c + _^ 2>/gr(c + <) 



r, -r. 



Hence the heeUi of the switches will be at the same distance 
from the springing, if 



1 SI 

or if 

c, = V 2 . c^ ; 

8 1 

and consequently 

c« = c, = — i . 
» V2 

When these relations do not hold, the interval between the 
heels of the switches is equal in one case to 



, ,- ,-. , 2(c -c,)V^(c + 



1 S 



and in the other case to 



(^^» -V^) ^2 (c + = -^ ^^- 

I 

FormulsB. are given for every case that can occur in Divi- 
sion I, in terms of the radii of the curves, and in terms of the 
circular measures of the crossings in Division 11. The two 
simplest cases are those in which the heels of the switches of 
both branch roads are at the same distance from the springing. 
This three-throw possesses the following properties, whether the 
main line be straight or curved. 
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a. Branch Boads Curving in opposite directions. 

(1) The circular measures of the angles of the crossings of 
the main-line rails are equal to each other, and are equidistant 
from the springing and the heels of the switches. 

(2) The circular measure of the angle of the crossing of the 
branch-road rails is equal to that of the angle of either main-line 
crossing multiplied by V 2 ; and the distance of this crossing 

from the heels of the switches is equal to 

V Tj — Tg <;„, 

(3) The point of the crossing of the branch road is exactly in 
the middle of the main road. 

Proofs of (1) and that part of (2) which relates to the circular 
measure of e„ have already been given. Since the clearance 
between the two branch rails at the heels of the switches is 
equal to the sum of the clearances between the main-road rail 
and either branch rail, plus the thickness of the main-road rail, 
the interval between the centre lines of the two branch rails is 
equal to 2 (o + t). Hence the distance from the springing of 
the heels of the switches^ expressed in terms of the radii of the 
branch roads, or of the circular measure of the angle of their 
crossing, is equal to 



n/ 



4 r, ra (c + _ 2V2g{c + t) 

^l — ^2 Cm 



The following is a proof of rule (3). Since the distance of 
the crossing e^ from the springing is equal to — ^ > the tangen- 



Om 



tiel oflfsets to the three curves which pass through e^ will be 
respectively 

Since the branch road, radius ri, curves in the opposite 
direction to the main line, the diflference between the oflFsets to 
the curves radii B and rs, and the sum of the olBPsets to the 
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curves radii R and Vi will be equal to the distances of the point 
of the crossing from the corresponding main-line rail ; if there- 
fore these distances are equal, 

ra R " R "^ r. ' 

whence 

_ Rr, 

'"''' R+2r/ 
a relation, which we know holds between R, ri and rj when 
1 t 

fi. Branch Boada curving in the same direction, whether the Main 
Boad curves in the same or the opposite direction to the Branch 
Boads, 

(1) The circular measure c^ of the angle of the easier crossing 

is equal to e^ that of the crossing of the branch-road rails, 
and to Or the circular measure of the sharper crossing divided 

by V2. 

(2) The distance of the crossing c^ of the branch-road rails 
from the heels of the switches is equal to that of the easier 
crossing o^. The distance of the sharper crossing Cr from the 

1 2 

heels of the switches is equal to 

V2T, (v^ - V2iFfO) = 2Vi(V7-v^(^+l) , 

Or 
2 

or to 

2 

according as the main line is straight or curved. 

Proof of Rule (1) has already been given. As to Rule (2), 
since both contiguous branch rails lie on the same side of the 
main-road rail in contact with them, the interval between the 
centre line of the main-road rail, and that of the nearest branch 
rail, is equal to the interval between the centre lines of the 
branch rails and to (c + t). Consequently the interval between 



RECAPITULATION OF FORMULAE OF 0HAPTER8 H. AND III. 143 

the centre of the main-line rail and the more remote branch 
rail is equal to 2 (c -j- t)y therefore the distance of the heels of 
the switches from the springing expressed in terms of c^ is 



2 V2gr( c + 1) 

Cr 
S 

and 

since c^ = o^. 

Section IV. — Cboss-over Boads. 

The formnlsB are simplified in the manner explained in 
Sections I. and II. 

The only point calling for special remark is the relation 
between the radii of the reverse curves. When the main line 
is curved, 



R - ra R + r, 

Since ri, the radius of the reverse curve, which curves in the 
opposite direction to the main line, is always greater than rg, 
the radius of the curve, which curves in the same direction, the 
latter will have a maximum value when the former is infinite, 
or one half of the cross-over is straight. Since 

r, __ 1 
R+n R , 1 

= 1 

where Vi is infinite, it follows that 

R 
^•=2- 

Conversely, if ra have a minimum admissible value, a cross- 
over road cannot be put between two roads, the radius of whose 
centre line is less than 2r2, which we may fix at 8 chains for a 
4 ft. 8i in. gauge and 10 chains for a 7 ft. gauge. 

Since —5 is equal to the factor, which multiplies the elements 

^1 
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«, g^ e and t in the formulsB, whether the main line be straight 
or curved, we get in both Cases I. and 11. : 

Of. 8 > g> 

Interval between the heels of the switches measured along 
centre line of main line. 



c» 



Interval between the points of the crossings measured along 
the centre line of main line, 

2V^{V2(g + ^)-2V^} 

fi. 8 <,g. 

Interval between the heels of the switches measured along 
the centre line of the main line, 

2 ^^B {V2 (g + gp ) -■ 2 ^T+t} 

Interval between the points of the crossings measured along 
the centre line of the main line, 

Lines drawn through the points, marked out on the centre 
line, at right angles to that line, will cut the rails at the points 
of the crossings and heels of the switches. 

Section V. — Through Roads. 

In the recapitulation only the formulse necessary for calcu- 
lating the circular measures of the angles, and for fixing the 
position of the centre line of the through road on the ground, 
are given. 

The simplifications in this section are of the same nature as 
those explained in the preceding sections. The simplified for- 
mulae may therefore be at once written down from the exact ones 
given in Chapter IV., and therefore only a few points require 
especially noticing. 
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In Case I.^ within the limits of exactness, 

cofiec.e = cot.0 = y^^, or = y^^, 

accordingly as 8 ^ ^. 

The direct formulae in terms of r, and the converse formulae 
in terms of the circular measures of the angles of the crossings, 
which give the interval between the heels of the switches, in 
Cases I. and IL are very simple. In Cases HL and lY. the 
direct formulae in terms of B, Ti and r2 are likewise simple, but 
the converse formulae are too complicated to be practically of 
much use. 

In Case lU. the relation between B, Vi and r2 is 
R B-(n+l)(8 + (y) . (n+l)(8 + g) 



or 



R ^ B,^in+l){8 + g) _^ {n + l){B + g) 



accordingly as a ^ ^. Now rj is always less than Ti ; if there- 
fore we put ri = a, and give to Vi its minimum admissible 
value, we shall find the relation which must subsist between B 
and the number of intervening roads. If B be less than the 
value given by this relation, a through road cannot be put in. 
For the 4 ft. 8^ in. gauge, putting r2 = 4, 

(n+l)(8 + jy)4 (n+l)44 . 
«^ g ^ 5 ' 

consequently, if there be only one intervening road, B need not 
be greater than 18 chains. K there be two intervening roads, 
B must not be less than 26 chains. 
For the 7 ft. gauge, putting ra = 5, 

(n+l)(^ + y)5 (n+l)65 

R? i > — 6 

If therefore there be only one intervening road, B need not 
be greater than 22 chains; if there are two, not less than 
33 chains, and so on. In Case lY., the relation between the 
radii, when ri = a, is 
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For the 4 ft. 8^ in. gauge, putting ra = 4, we get 

(n+l)ll. 



R = 8 + 



132 



unless therefore there are more than eleven roads, B need not 
exceed 9 chains. 

For the 7 ft. gauge, putting r, = 5, we get 

E.10 + <i±^», 

unless therefore there are more than eleven roads, B need not 
exceed 11 chains. 

In Cases III. and IV. the greatest terms rejected in the 
denominators of the fractions, which give the circular measures 
of the angles of the crossings, are of the order 

5 ' 

this cannot ever be equal to unity when a chain is the unit. 

In Case III. it is impossible to get a simple relation between 
the angular interval between the springings of the reverse 
curves and one of the radii. Either radius being known, the 
angular interval between the springing and the first crossing is 
given in terms of the radius of the reverse curve and of the 
main-line outside road, and the relation between the radii of 
the reverse curves obtained by the same method. This rela- 
tionship may be obtained in another way. It will be interest- 
ing to see how the two agree, and be a check on the accuracy 
of the methods employed. 

The circular measures of the angles of the crossings are given 
in terms of the radius r2. If in the formula which gives the 
value Cs' ""*■', we put w = n -j- 1, we shall obtain 



but we have also 



CJ 



N-l-S 



W 



2(R + »-.)g 

Br. 
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Equating these two values, we get 

Br^g = 'Rr.g -'r,ri{n.+ l){8 + g); 

whence 

^r,g 



r. = 



' Bg + r,(n + l){8 + gy 

R^« g 

Bg^r,(n + l){s + gy 



^i = ^ 



Comparing these values with those given in Chapter IV., 
Section Y., Case HE., it appears that we may use instead of 
R or R — (n+1) (s-j- g\ the radius of the centre line of any 
of the main roads without deviating beyond the limits of 
exactness fixed upon. 

Since every angle in this case is different, a cross-over of this 
sort possesses no advantages over that of a cross-over consisting 
of two reverse curves meeting at a common tangent. In the 
latter case the springings of the reverse curves are nearer to 
each other, and simple formuIsB giving either radius in terms of 
the angular interval between the springings are easily obtained. 

In Case IV., likewise, unless the radius of the main roads be 
very small, and the number of intervening roads very large, the 
radius of any of the main roads may be used in the formulae. 

Thus the exact formulse giving the radius of either reverse 
curve in terms of the other and the radius of the main-line 
outside road are 



r. = 






Now, any deviation from exactness mil affect the result most 
when B has a minimum and n a maximum value : in the case 
of the 4 ft. 8^ in. gauge it has been just shown that these values 
are respectively 10 chains and 11 intervening roads. In order • 

.2 ^ 
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that r, may have an admissible value in this case r^ must be 
infinite, and we get for the correct value of r2f 

r, = -5- — 8 (« + ^) = 4 chains 83 feet 

The extreme cases of divergence from this would be 

r, = — = 5 chains, 

»•« = y - 6 (« + flr) = 4 chains, 

results not sufficiently exact. If instead of eleven there had 
only been three intervening roads, the exact radius would have 
been 4 chains 55 feet, and the two extreme radii 4 chains 44 feet 
and 5 chains : neither differing from the exact value by more 
than 11 feet. 

If we substitute successively the extreme pairs of values 
R = 10 chains, ri = 5 chains, R = 8 chains, ra = 4 chains, 
and the correct values R = 9 chains, rj = 4^ chains, in the 
formula 



•." = \/- 



( B-r,)10(8 + gr) 
Br, 



which gives the circular measure of one of the crossings of the 

first rail of the — ^ — intervening road — ^an extreme case— we 

get: 
.Putting R = 10 chains, ra = 5 chains, 



c .• = 



2-45 



Putting R = 8 chains, ra = 5 chains, 

1 



c " = 



2-19 

Putting R = 9 chains, ra = 4^ chains, 

1 



c • = 



2*82 



So that even in this extreme case the radius of any of the 
intervening roads might be used indiscriminately, since accord- 
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ing to the rule laid down at the commencement of the chapter, 
we mnst prefer the integer or half integer next higher than the 
denominator actually obtained, so that the result in each case 

gives the lead of the crossing ^ • 

With the exception of the formulae giving the values'^of the 
radii of the reverse curves, the above statement that the radius 
of any of the main-line roads may be used indiscriminately 
refers only to those formulss which give the values of ratios 
both in Cases III. and IV. In those forrnxdee which give the 
positions of the crossings, in which B appears as a simple factor 
of a ratio, its exact value must be used for that simple factor. 

Section VI. — Cbossinos on the Level. 

These are of such rare occurrence that it is not worth while 
to attempt any simplification of the formulao. For all in- 
formation on this point, the reader is referred to Chapter IV., 
Section VI. 

Section VIL — Siding Boads fbom one op the Main-line Roads across 

THE OTHEB. 

There remains one class of roads, which has very frequently 
to be put in by platelayers without the centre of the road being 
staked out, viz. siding roads from the up or down line to sidings 
on the down or up side of the main line, which are not directly 
connected with a road parallel to the main line, and which do 
not come under Section V., Through Boads. 

When this siding road is a continuous curve, the formulee for 
double-line junctions give the circular measures and positions of 
the angles in terms of the radius, and vice versa the radius 
circular measures and positions of the angles in terms of the 
circular measure of any one of them. 

When the siding road after crossing either the second rail 
when 8^ ffyOi the third rail when s <, ff, continues straight, we 
obtain at once the required formulas from those for through 
roads, Cases 11. and III. 
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Section VIII. — RBCAprruLATioM op FoBMOLiS. 

Division L — Formvim expressed in terms of the radii. 

Switches. 
Maximum leogths of — 

Onrye leaving straight line 

Corye leaving oorye, onrvatnie in the same direction 



Onrre leaving cnrre, enrvatore in opposite directions 

Minimum lengths of — 
Oorve leaving straight line 

Curve leaving curve, curvature in the same direction 



Curve leaving curve, curvature in the same direction 

Batio of splayed part to whole length — 
Bridge rails without top flanges 



Bails with top flanges 

Distance of the heels from the springing — 
Curve leaving straight line 

= V2r(c + 0; 
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Corvo leaving curve, onrvatore in ihe same direction 



Curve leaying corye, curyatore in opposite directions 

/2Er , . , 

Fast PoirUs. 

Length of splayed part — 
Curve leaving straight line 

= V27 (Vc+<- a/c + c) ; 
Curve leaving curve, curvature in the same direction 



Curve leaving curve, curvature in opposite directions 

Distance of point from the springing — 
Curve leaving straight line 



= V2r(o + e); 
Curve leaving curve, curvature in the same direction 



Curve leaving curve, curvature in opposite directions 

/2Er , ~ 
= VR+-r (" + *>• 

Crossings. 

Circular measures and position of — 

Distance of point of intersection of centre lines of rails of crossing 
from the actual point 



e 
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8ingle4ine JuncUons, 
Ca81 L — Curve leaoing Straight Line. 

0a81 n. — Owrve lecunng Curves Ourvainre in the same direction. 



Cass. III. — Curve leaving Curve, Curvature in opposite directions. 



"' " V Br 

Double-line Junctions. 
Oasb I. — Curve leaving Straight Line. 



,.=„.=^^', 






S.c.' = S«c.*= >/2r(« + </), 



SjCj' = V2r«. 
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Casb IL — Curve leaving Curve, Curvature in the same direction. 



,,,.,^i<^iii. 



.. ■ ,_« _ ^ /2(B-r )(« + g) 
" - *> - V Wr ' 

_ ^ /2(B-r)(» + 2g) 






S,c.« = S.c.' = ^^. 



S.,. = 8,.^ = ^^J|^^, 



/2Br(»+2g) 

^♦''' =v — R-rr — ' 



«--V^'- 



Casb HE. — Outre leaving Curve, Curvature in the opposite direction. 






2(R + r)(» + g) 
Rr 



,«_ /2(R + » -)(» + 2g) 
/ 2(R + r), 



S, c.« = S. c* = ^^1^ , 



s.,..s...V^^-^'. 
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/2Rr(» + 2g) 






2%rea Throtet. 



Cask L — ^Jfai'n Line Straight, Branch Boads Curving in opposite 

directions. 






V r.r. 



S,c, = ^/^r^g, 



Sjc, = V2ra^, 



S, c^ = SqC^ 



" V r. + r/ 



Cask II. — Jtfotn Ltwe Straight, Branch Moods Curving in the same 

direction. 



Cr 

2 



SiC„ = 82 c, 



1 V r, 

V rj 

_ / 2(r. -n)g 

V r, r2 

1 

Sjc^ = ^/2r2g, 
2 

V r, - r2 ' 



^m 



2»^m 
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Cabb tit. — Main Line Curved^ Branch Boads Curving in opposite 

directions. 



". "V Br, ' 

/2(R-r.)g 



+ rt)9 



/Mm 



"i ^m — Oj Cfl 



- V r. + r/ 



Cabb IY. — Main Line Curved^ h(4h Branch Boads Curving in the same 

direction as the Main Line, 



/ 2(B-«-.)g 

. ^ /2(B-r.)g 
", "V Er. 



^ _ . 2(r, -r,)sy 



/ 2 (r. - 
/2Br.g 

^^ = V B"^r^' 

S, C« = Si C« = W — • 



J 
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Oau Y. — Main Line Curved^ ho(h Branch Boads Carving in the opposite 

direction to the Main Line, 



_ /2(R + r.)g 






Si Cm = Sa C^ = /v/ — • 

So long as the interval, 6 + ^9 between the centre lines of con- 
tiguous rails at the heels of the switches remains the same, the 
positions of the heels of the switches in each case are given by 
the following formulae : 

Casb I. 

Distance of heel of switch of curve, radius r^, from springing 

= V2r,(c + 0; 
Interval between heels of switches 

= (V7, - W^ V2(c + <). 

Heel, radius Vi, being more remote from springing than heel 
radius r2. 

Casb II. 

Distance of heel of switch of curve, radius fj, from springing 

= V2n(c + <), 
The interval between the heels of the switches is equal to 

i^^^-s/.r^) ^W+t) = V27rFH) - VIT^T^ + O 

where c -\- 1 in this and the succeeding cases is equal to the 
interval between the centre lines of the main-line rail and 
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the rail of curve radius r^ opposite the heel of the switch of that 
rail. Heel, radius ri, being nearer to the springing of the 
curve than the heel radius r^ . 

Casb ra. 

Distanoe of heel of switch of curve, radius Tj, from springing 



= v/||7;('+"^ 



Interval between heels of switches 



Case IV. 
Distanoe of heel of switcli of curve, radios r„ from springing 



The interval between the heels of the switches is equal to 

V R-r, V R-r, 

Case V. 
Distance of heel of switch of curve, radius fi, from springing 



=V: 



2Er.(c + 0. 



E + r. 
The interval between tiie heels of the switches is equal to - 



/ 2Rr,(c + /2R^7+0 

~V R+r, V R+ra 

The same remark as to the relative distances of the heels of 
switches from the springing applies to Cases IV. and V. as to 
Casen. 
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When the heek of the switches are kept opposite to one 
another, by varying the interval between the centre lines of the 
at the heels of the switches, we have the following roles : 



Cabb I. 

I nterval between centree of nudn-line rail and wdl-gadiiisrt _ r, 
Intenral between centreB of main-line rail and ndl-radins r, Vi 

Oabb n. 

Intenral between centrsB of main-line rail and rail-radins r, _ r, 
Int^val between centres of main-line rail and rail-radius r, Ti 

Cask IIL 

Intenral between oentres of main-line rail and ndl-radins fj _ (R-[-ri)r, 
Interval between oentees of main-line rail and ndl-radins r, ^ (B — r^)ri ' 

Casi IV. 

Interval between centres of main-line rail and rail-radins r^ _ (R —r^r^ 
interval between centres of main-line rail imd ndl-radins r, ^ (B — r,) fj ' 

Cask V. 

Interval between centres of main-line rail and rail-radins r, _ (B-{-r,)r2 
interval between centres of main-line rail and rail-radins r, ~~ {R-^r^r^ * 

Cro89-over Moods, 
Case I. — Main Line Straight, 
If the radius R be given, 



Distance between springings of the reverse curves = ^^r{8-\-g). 

If the distance D between the points of the switches, and the 
lengths of the switches be given, 

Kadius of reverse curves = — •, — ^- ^ 



4{V« + !7- V2(c + <)}' 



a. B '^ g. 



^' = c/Vt' 



SjC,' = S',c.» = V2r</, 



S»c/ = S'.c,' = 2-v/r(« + .9)- '/2rr/. 
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Difitanoe between points of crossings parallel to main line 



S,c.« = S'.c/ = 2A/r(8 + g) - >/2rir, 



Distance between points of crossings 

= 2Vr{V«+7- a/ 2^}. 

Case II. — Main Line Curved. 

If either radius be given, one of the two equations following 
will give the other, 

R fj E r, 

r, = = — ^ — , n = 



R-2r/ ^ R+2^ 

The angular interval between the springings of the reverse curves 



V R (R - rg) V RTR+^) * 

If the angular interval between the springings of the 

reverse curves be given, 

R«0* 

I^^^^ = 4(« + ^) + R0»' 
Radius r, = 



4(« + (7)-RO* 

If the distance D between the points of the switches, and the 
lengths of the switches be given. 

The angular interval between springings of the reverse curves 

{B ~2Z)V H{g_ . 

R { VTT^ - V2(c + 0}* 
a. 9 '^ g. 



/2(K-r,)<7 _ /2(R + r,)</ 

i 
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Distanoo beiwoen points of ihe crosBmgB 

If radius r^ = a, radios r, = ^ B, and 

S.C,' = S'.c/ = -/2B^, 
S,c.' = S'.c,« = VB {2 V«+^ - V2^} . 
Distance between the points of the crossings 

= 2VB{VI+^-V2^}; 

also 

Angular interval between springings 



/8. «<y. 



,. .. / 2(B-r. ). _ /2(B + r. 
*'■ -*^ - V Br, - V Br. 

8,c,' = S'.c' = V^^^^ {2 V7+^ - V2l} 

a 3 «' . /2E7:i /2B^ 

Distance between the points of the crossing 



. 2VEr. (^^;:^ _ ^2-^) ^ 2VB^ ^^^-^^ _ ^j-^y 
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K the radius ri = a , radius r2 = ^^y ^^^ 



'.• = ^^ = \/^' 



S«c,« = S'8C«»= Vb{2V« + 9'- V2«}, 



Distance between the points of the crossings 

= 2^/B{^/J+g- V2"«}; 
Angular interval between the spnngings 



^ 2V8 + g 

2%nn^% Boads, 

Where the through road consists of two reverse curves sepa- 
rated by an interval of straight, it is only necessary to give the 
positions of the crossings Cyy Ci*"+*, e^y and Ca*"+', since straight 
lines drawn on the ground from c^ to c/""*"*, and ci to Ca* ""*"', 
will mark the position of the rest. 

Where the through road consists of two reverse curves, meet- 
ing at a common tangent, the simplest way of marking the 
positions of the various crossings on the ground is to set out 
the centre line of the through road. In order to do this cor- 
rectly, it is necessary to know the relative positions of the 
springings of the curves and the point, where they meet. 

Case L — Main Boads Straight: Beverse Curves separated by an in- 
tervai of Straight, which extends from extreme crossing to extreme 
crossing, 

a. s ^ g. 

If the radius r of the reverse curves be known, 

Interval between the normals through the springings of the curves 

^ {(n+l)s + (n + S)g}^7 

V2<7 

M 



4 
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If the distance D between the points of the switches, and the 

lengths of the switches be known, 

The radius of reverse curves 

2g (D -^f . 

The circTilar measure of the angle of each crossing 



p. 8 <g. 

If the radius r of the reverse curves be known, 
Interval between the normals through the springings of the 
reverse curves 

__ {{n+B)8+^+l)g},rr 

V2« 

If the distance D between the points of the switches, and the 

lengths of the switches be known, 

Eadius of the reverse curves 

2g(D-2Z)' . 

"{(n + 3)« + (« + l)^-4V7F+^'' 
The circular measure of the angle of each crossing 



w- 



V2« 



SaCg" = S'2„+2 c»«-+* = V2r«. 

Case II. — Main Boada Straight, Beverse Curves of Through Boad 

meeting at a common tangent. 

If the radius r of the reverse curves be known. 
Interval between the normals through the springings of the curves 

= 2V{n+l){8 + g)r, 
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The point where the two curves meet is exactly half-way 
between the springings. 

If the distance D between the points of the switches, and the 
lengths of the switches be known, 

Eadios of the reverse carves 

(D - 2 ly - 



c* = c/"+« 






The values of the circular measures of the remaining angles 
depend partly on the relative value of s and ff, 

cu « > ^. 

If /I be even, we shall obtain the circular measures of the 
angles of the crossings of the intervening roads, by substituting 
for m the successive values 



X, ia, O • • • (xC. « • • ^ 



in the equations 



,,.«+. ^ ^.c.-»+.,+. = ^22i(l±i). (1) 



C'"+' = c,«'"— +•>+* = / ^'»*+^(*»- l)g , (2) 



c***+* 



^ ^«(-«+i)+. = / 2mi> + 2(ti> + l)iy ^ ^3^ 



If n be odd, we shall obtain the circular measures of the 
angles of the crossings of the {n — 1) rails on either side of 
the middle road, by substituting in the equations (1), (2), (3), 
and (4) for m the successive values 

n- 1 
1, 2, 3 . . . &c. . . . — -^ — > 

and the circular measures of the angles of the crossings of the 

M 2 
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fl -h 1 

middle road by putting m = — s— ^ equations (1) and (2). 
They are therefore 



C,-+« = €,"+• 



= V 



,... = .,.. = ^<!L±l)li 



{» + l)(,+g) 



(n+l)s + (n-l)g 



fi' *<g- 

If n be even, wc shall obtain the circular measnres of the 
angles of the crossings of the n — 2 intervening rails on either 
side of the two middle roads, by substitating for m the saccessiTe 
values 

1, 2, 3 . . . &c. ... ^ — 1 

in the equations (1), (2), (3), and (4), given in (a). The values 
of the circular measures of the remaining angles are given by 
the formulae 



,.+' = c-+' = ^^^^>. 



If n be odd, the formulas must be used as explained in (a). 

Cass III. — Main Boads Curved : Beverse Curves separated by an interval 
of Straight, which extends from extreme crossing to extreme crossing. 

See remarks on this in Section V. of this chapter. 

a, 8 ^ g. 

The radii of the reverse curves are connected by the follow- 
ing relations : 

» I — r= : : — rr— : : :^ » 'a — 



Bg-{n+l)(s + g)r, llg+ {n+l){s-\-g)r,' 
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Gircnlar measnie of the angle between the normals which pass 
through e," and the adjacent springing 



^ / 2Bg . 
Vr,(B-r.)' 



(B - r.) 

Gircnlar measure of the angle between the normals which pass 
through c^'+* and the adjacent springing 



/ 2Rg 
Vn(RH-r,)* 



Circular measure of the angle between the normals which pass 
through tiie two springings 



/ 2Bg _ / 2Bg 
Vr,(E-r.) Vr.(E + r.)' 



2(R-r,)gr 
Rr, 



e..-+8_ . /2(R + rOsr 



Br, 

K we substitute for m the successive values 

1, 2, 3 . . . &c. . . . n 
in the equations 

,^.«+. ^ ^2Bg-2^^m(«+g ^ (1) 



c,""+' = / 2(^-^')g-^*''*»('' + g> , (3) 

^.»+.^^2B£H^5H, (4) 

we shall obtain the Tallies of the circular measures of the angles 
of the crossings of the n intervening roads. 



_ / 2Rr.g 

^"'-Vb^t^' 

« 8 /B x/ /~2B7~ /2Bg -2r,« ( 
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S' c-+«-*/— ?M. 

S'....c.— = {R - „(. + ,)} j^2(R^)^^Kn5±i) 

/ 2Rg \ 
Vr.(R + r.)J' 

The radii of the reverse curves are connected by the follow- 
ing equations : 

_ Rr,« Bng 

'• - R«-r.(n+l)(« + j,)' '• - B»+r.(n+l) (s + g)' 

Circular measure of the angle between the normals which pass 
through c^ and the adjacent springing 



/ 2R« . 
" Vr.rR-r.>' 



(R - r.) 

Circular measure of the angle between the normals which pass 
through Ci'"***' and the adjacent springing 



^ Vr.(E + n)' 

Circular measure of the angle between the normals which pass 
through the two springings 



c," 


/ 2R« 
- Vr.(E- 
/2(R«- 
~ V Rr 


) 

1 


2E8 


•+» 


_ /2R.- 


2(w+l)r, 


,« - 2nr^g 




V 


Era 





If we substitute for m the successive values 

1, 2, 3 . . . &c. . . . n 
iu the equations 



^«m+i_ / 2Eg-2nw(8 + gr ) 
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c« 



M+i^ /21^s-2r,m{s + g) + 2r,g ^ ^2) 



c^« m + 2 = /2R8 - 2r^m {8 + g ) - 2r^ g ^ ,^. 

C-+' = ^MIE^SH . (4) 

we shall obtain the circular measures of the crossings of the n 
intervening roads. 

S,.,.C"" = {B-(,+l)(.+i,)) j ^B.-a(,+ l),-..-2.r.|, 



V; 



2E8 



r.(R + rO 



S' r^*^'-. /2Rn8 



Case IV. — Main Boads Curved : Beverse Curves meeting at a common 
point of contrary, flexure midway between the two Boads, between 
which communication is established. 

If the radius of either reverse curve is known, the other will 
be given by one of the formulae 

_ Rrg _ Rn 

*** 'R-2r,' *''"R + 2r/ 

The angular interval o between the springings of the reverse 

curves 

^ 2Vr,(n+l)Js + ^) ^ ^/r,{ n + l){s + g) . 

V'R(R-r,) VR(R + n) ' 

Angular interval between either springing and the point where the 
reverse curves meet 

RORO 
"" 2ra - 2r, ' 
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If the distance D between the normals through the points of 
the switches, measured along any centre line, whose radius is B,, 
and the lengths of the switches be known, 

Angnlar interval 

(D-2Z)V2(c + 

Badios Ti 



4(n+l)(« + ^)-R0»' 



K^^'-- = 4(n+l)(« + (/) + R0»' 



a. 9 ^ g. 

If ^ be even, we shall obtain the circular measures of the 
angles of the crossings of the n intervening roads, by substi- 
tuting for m the successive values 

n 
1, 2, 3 . . . &c. • • • o 

in the equations 

c,""+' = <!,•("-«•+•'+• = / 2 (B - »•») w (a + g) /jx 



im + l ^ ^^S(«-m + l) + 2 ^ / 2(R-rg){m(8+gr),gf} ^ ^^^ 



;,«"•+« = C8«C—m+i) + i= y 2(R-r,){m(8 + gr) + gf} ^ ^^^ 



or the successive values 

n + 2 yi + 4 
2 ' ~X~ 

in the equations 



• • • ObC* • • • 71' 



..m + i_c«(.-».+i)+*_ / 2(B+r.)(n-OT4-l)(8+gr) 



k. 



RECAPITULATION OF FORMULA OF CHAPTERS II. AND in. 169 



Ca*™ + * = Ci*(*-"' + 



i)4.« _ /2(^+r,){(n^m+l)(s+g)+g} ^ ^^a) 
c^«" + « = c«(—»+«+» = / 2(B+n){(n-w+l)(g+gr)-gr} ^ ^^.^ 

If ri be odd, we shall obtain the circular measures of the 
angles of the crossings of the ri — 1 roads on either side of the 
middle road, by substituting for m the successive values 

n - 1 

1, 2, 3 . . . &C. . . . jr — 

in equations (1), (2), (3), and (4), or the successive values 

w-f3 n-f5 



2 2 



. • • ObC • • • 7v 



in equations (1*), (2*), (3*), and (4*) ; and the circular measures 
of the angles of the crossings of the middle road, by putting 

m = —j: — in either the two equations (1) and (2) or the pair 

(3«) and (4»), so that 



,.^t_,M.-. / (B-n)(»+l)(''+g) _ / (B+r.)(«+l)(8+g) ^ 



c^.^- c^.>w- / (B-n){(»+l>'+(i^^^lM ^ / (B+n){(n+l>,+(n-l)g} 
Ar Era Ar Er^ 

K 7^ be even, for the circular measures of the angles of the 
crossings of the — ^ — roads on either side of the two middle 

roads, we must substitute for m the successive values 

n — 2 
1, 2, 8 . . . &c. . . . — 5 — 

in equations (1), (2), (3), and (4), or the successive values 

n-f 4 w-f 6 

in the equations (1*), (2*), (3*), and (4*). 
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The values of the circular measures of the remaming angles 
are given by the formulne 






^._ / (B-r,){n8+(nr%} _ / (R+rO{n8+(n^2)^ 



'. -^. -V Br. - V " b;;; 



^^^^^- /W^){(n +2)B+ng} / (B+rO{(n+2)8+n^} 

If n be odd, we shall obtain the circular measures of the angles 
by using the formulae as explained in (a). 

The following general rules, which will suffice for the solution 
of almost every one of the previous problems, when the radii of 
the curves are known, may be very easily remembered. 

BuLE I. — Curve leaving Straight Main Line. 

The circular measure of the crossing of any rail parallel to 
the main road is equal to the square root of twice the interval 
between the rail crossed and the rail which the crossing rail 

of the branch road touches, multiplied by the factor /y/ - ; and 

the distance of the crossing from the springing is equal to the 
square root of twice the same interval, multiplied by the factor 

Bulb II. — Curve leaving Curved Main Line^ Curvature in the same 

direction. 

The circular measure of the angle of the crossing of any rail 
parallel to the main line is equal to the square root of twice the 
interval between the rail crossed and the rail which the crossing 

rail of the branch road touches, multiplied by the factor /y/ -^p — ; 
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and the distance of the crossing from the springing is equal to 
the square root of twice the same interval, multiplied by the 

factor x/ri • 

Bulb ITT. — Curve leaving Curved Main Line, Curvature in the opposite 

direction. 

The circular measure of the crossing of any rail parallel to 
the main road is equal to the square root of twice the interval 
between the rail crossed and the rail which the crossing rail 

of the branch road touches, multiplied by the factor \/ -^ — ; 

and the distance of the crossing from the springing is equal to 
the square root of twice the same interval, multiplied by the 

factor yy/ 



B + r 



Sidings from one of the Main-line Boads across the other. 

When the siding road is a continuous curve, for the values and 
positions of Ci^ C2^ Ci\ 62, c^y see the formulae for double-line 
junctions. 

When the siding road after crossing the second or third rail 
is straight, the following formulsB give the circular measures 
and positions of the angles : 



a. 8 ^ g. 



Oasb I. — Main Line Straight. 

1 = Cj = C| = Cg = Cg = y^/ , 

OtC, - — = — , 

V2^ 

CtsC, = T== • 

V2sr 
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fi' s<g. 

D, Ci - p= > 

O4 Ci = r== — » 

V27 



8,c,* = V2r«. 



Casb IL — Main Line Curved, Siding Boad Curving in the same 

direction. 

a, s^g. 



,. /2(B-r.)g 

" - V Er. 



'.-««- V Er, 



2E^-2r,(.+ j) 



^ _ / 2Bg-2r.(8 + 2g) 
^ ~ V En 



= V: 



2Bg-2r,« 
Er, 



/ 2Er,g 
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En 






En 

2E8-2ra(g4-2^) 
En 



=v- 



2(E-n)g 
En 






Casx m. — JIfatn lAne Curved, Siding Boads Curving in Ae opposite 

direction. 



a. » '^ g 
e, 



. _ , /2(B + rOg 

' -V — et; — ' 



2B«y+2r.(o + g ) 
Br, 



>.' = c.* = V' 



/'2Bg+2r.(»+2g) 
/2Bg+2r. 

*^ = V — et; 

, / 2Br.g 



8 



S.,, = S... = (E+.+,) {^--1-^ V^S^^^). 
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»..-=(a+.+.)Ua^V^5SlK:.}. 



fi. 8 <g. 



. _ / 2R» + 2r.g 
'■ ~V Er. 



2E«+2r.(»+gf) 



'. -«. "V Er, 



2E«+2r,(«+2f?) 



4 _ /^3 L+_2 n 
'' - V Br. 



2(E + r,)» 



*^ V Br, 
o . «/ /IMlZ /2(B » + r.g) ) 



If the siding road crosses more than one main-line road, the 
circular measures and positions of the angles of the crossings of 
the second, third, &c., road crossed may be obtained in the 
same way, by giving m the values 2, 3, &c., in the equations in 
Chapter III., Section V. If there be only one road crossed, 
for E ± {8-\- g) we may write simply R, since the positions of 
all the crossings will be equally affected, and to such a slight 
extent that the divergence from exactness will be practically of 
no consequence. 
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Division II. — Formulse expressed in terms of the circular 
measures of the angles of the crossings. 

Switches. 

Formulae which give the lengths of switches and the distances 
of the heels from the springings of the curve in terms of the 
circular measures of the angles of the crossings are of no 
practical use. 

Those, however, which give the intervals between the heels 
of the switches and the points of the crossings in terms of the 
same circular measures are of the greatest practical use ; they 
are stated for each particular case. 

Fast Points. 

The same remarks apply to the formulse giving the lengths 
and positions of fast points. 

Single-line Junctions. 

Whether the main line be straight or curved, in each of the 
cases, _ _ 

Length of splayed part of fast point 



c? 



Distance of point of &st point from point of the crossing 

_ ^ ^'g {^fg -j/c + e) 



c« 



Case I. — Curve leaving Straight Main Line. 

9 

t 



♦•= 8 



Case II. — Curve leaving Curved Main Line, Curvature in the same 

direction. 

2^g 
r = 5 
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Case IIL — Curve leaving Curved Main LinCj Curvature in opposite 

direction. 

r = r-^ 



Re/- 2^ 



Double-dine Junctions, 

Whether the main line be straight or curved in each of the 
cases. 



'" = ^.* = \/ 






g '^'' 






Ps — ^1 > 






iUC - ^^, _ -, , 

TT .8_2 V« (V« - Vc + <) _ 2 V^ (V g- vc + 
llaCa - —8 - -2 

The formulaB for the fast points are the same as those for a 
single-line junction. 

In the formulae which give the radii in terms of the circular 
measures of the angles, if r,, rg, Vi denote the radii of the 
branch roads in each of the three cases, since 

r - 2^ 



RECAPITULATION OF PORMULiE OF CHAPTERS II. AND III. 177 



s 



we obtain the following relations, between the radii of branch 
roads, which cut corresponding rails of main-line roads in each 
case at the same angle, 

_ Br, _ Bn 
*** - B + r, "" B + 2r/ 

Br. Br, 

ri = 



' R - r, B - 2 rg 

Three Throws. 

If H^ H^ denote the positions of the heels of the switches of 

1 • 

the curves, radii Ti and r^ respectively, when the interval, 
c-\-ty between the centre lines of two contiguous rails at either 
heel remains constant, we have : 

K the branch roads curve in opposite directions, whether the 
main line be straight or curved. 



1 2 

1 

^^^ 2 Vg (Vg - >/H^) 



2 (c« - c^ ) gr 



^m ^r — T~~T > 

I 



^m^r — 



2 (Cm-Cr)g 



8 



SH,-SH, = — ^-i- ' 



1 8 



N 
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the heel of the switch of the easiest crossing, (V or iv > being 

1 s 

farthest away from the springing of the curves. 

If the branch roads curve in the same direction, whether the 
main line be straight or curved, 

• I 

„ ^ _ 2 v^ ( v^ - Vh^O 

u^ c, = > 



CrCr = 



2(<v - <v)gr 



t 1 C, Cr 

I S 



2 (c, - c«) g 



Cr e^ = 



SH,-8H, = — ^ * 



1 



the heel of the switch of the easiest crossing, Cr or c„, being 

farthest away from the springing of the curves. 

The exact value of c«, viz. Vc/ ± c/, must always be used. 

8 1 

When the heels of the switches are kept opposite one another, 
by varying the amount of clearance we have the following 
rules: 

If the .branch roads curve in opposite directions, whether the 
main line be straight or curved. 

Interval between centres of main-line rail and rail with crossing c^ c^ 

1-, _i . 

Interval between centres of main-line rail and rail with crossing c^ c,* ' 

8 8 

Interval between centres of main-line rail and rail with crossing c. 

Interval between centre of branch-line rails ~ 



1 S 
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If the branch roads curve in the same direction, whether the 
main hne be straight or curved, 

Interval between centres of main-line rail and rail with crossing Cr c,' 

i — _*• 

Interval between centres of main-line rail and rail with croscdng c, c^' 

a a 

Interval between centres of main-line rail and rail with crossing c, 

1^ 

Interval between centres of branch-line rails ~~ 

I 



c* - e* 



• 



Cross-over Roods. 
Whether the main line be straight or curved. 



Oj ^ Cji • 



a. » "^ g- 
Interval between the heels of the switches parallel to main line 

_ 2 V^(V2(* + flr) - 2 V7+li) 



c« 



Interval between the points of the crossings parallel to main line 

_ 2Vg(V2(<» + g)-2Vg) 



c,* 



H.o.^ = H'.«,. = 2-^^nVlf^^^±I) 



Ci 



M, Cg = Jd a C, = — — . 

fi. s<g. 
Interval between the heels of the switches parallel to main line 

Interval between the points of the crossings parallel to main line 

_ 2V7(V2(» + g)-2V») 



c." 



N 2 
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tt,r, = n^c^ = 9 



Through Boad8. 

Although we may obtain the radii of the reverse curves, and 
the circular measures of the rest of the angles and their position 
from formulae in terms of the circular measure of any one angle, 
the general formulae thus obtained would have no practical value 
except in Case L, where all the angles are equaL There are, 
however, two special cases of common occurrence, which deserve 
investigation, viz. where there is only one intervening road, and 
the reverse curves meet at the centre of the middle road, so 
that the same formulae apply to both cases of 8 greater or less 
than^. 

Casb I. — Main Boada Straight : Beverse Curves separated by an interval 
of Straight^ the number of intervening Boada being wdimiied. 

a, 8 ^ g. 
Interval between the heels of the switches 



(n+l)« + (» + 3)^-4V£(c-H) 



c»* 



Rc'-W .«n^s ^^fg{^/g-Vc + t) 

XJ.2 Ci — a. 2n-\-S^ — ^2 ' 



''I 

fi. 8 <g. 
Interval between the heels of the switches 



{n+S)8 + (n + l)g^4.V8{c + t) 



^2 



^ . j_. 2 V» (V« - Vc + t) 

8 Cj, — rig n + 2 ^1 — /, 8 
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Case U. — One intervening Boady Reverse Curves meeting in the centre 

of the middle Boad. 

Whether the main line be straight or curved, 

Interval between the normals through the heels of the switches 

4 ^~g (Vg +^ - VH^O 

02 — t/i , 



!,» = C« = \/— ^ • " 



1 ) 



c.' 



= «.* = V ^ • "■' ' 



n.' n'^' 2Vg(Vg- Vc + 

£±2^1 — XJ.5C8 — 2 



rLgC, — XI4C2 — 8 Ta 

JI3C2 = Jtl4Ca = -8 -s • 



Sidings from one of the Main-line Boads across the other. 

When the siding road is a continuous curve, and the angle c^ 
is given, for the values of c^y Ci\ c^ and Ca* and their positions, 
see the formul© for double-line junctions. 

When the angle Ci* is given, we have 



''^-\/s+2g 






9 + ^g 



. c 



1 9 



H,c.' = 



<^' = \/r-ro- • *'* ' 

2 V»+2flr ( V^ _ Vc-f-<) 



■n> 
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When the siding road, after crossing the second or third 
main-line rail, is straight^ we have : 



Gabs l.—Main Line Straighi. 
a, s ^ g. 






H.c.« = ^^9(^/g-Vc + t) ^ 



H.c,» = H,c.* = s + 2g^2Vg{c + t) 

H4 C, -J , 



XJ.J Cj j . 



^. a < 1/. 



Cj — Cj — Cj — Cg — Cg , 






c.' 



2(» + g)-2Va(c + 



„ 2«-2V«.(c + 

XI3 1;^ — —3 • 



c* 
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Case II. — Main Line Curvedy Siding Boads Curving in the same 

direction. 



a. s'^g. 
When the angle e^ is given, 



'.■ = «.• = V^'-^. 



-•=V«'-'-^'- . 



-•V'--'-^- 



When the angle e^ is given, 



'.' = ^/cU'-^''+'^ 



E 



jj _ Ca — ^/ ^1 I" T> ' 






H.C.' = 



H.C.' = H.c^ = E(c.'-c.') + ^^^^- ^'' + '> 



e* 






c* 



/8. 8 <,g. 
When the angle Ci is given, 



,.^,.-.a^, 



184 SWITCHES AND CBOSSINaS. 



•.• = «.* = \/«-/-^' 



■■-^/'■'-'4- 



When Ci* is given, 



«.• = >/«'/+ ^' 



,. = ^,/+^). 



r.' = C« = ^c/+^, 



H.c.. = R(c--c..)+^.WIWc+0 



C* 






c.' 



■0.3 C^ — r 



Case III. — ilfatn Roads Curved, Siding Boad Curving in the opposite 

direction. 



a. 8 '^ g. 
When the angle Cj^ is given, 






= \/'-'^+ 



E 
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When the angle c/ is given, 



, = ^.,-_a(f±£), 



;, — Cg — ^/ Cj — -=r- ) 



/ * 4a 

Mj C, = 1 > 



c» 






e* 



fi. s <g. 
When the angle c^ is given, 



,. = ^«..-+l(^-) 



B 



,.' = C« = /y/c' + ^, 



When c,* is given, 

C' = V"'*- B-' 



'.' = v*/- 



2(« + g) 
B 



,» = C« = ^c/-^. 
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H.C.«=B(V-C,«) + 



H.c.» = H.V = B(c,»-c.') + 



H.c/ = B(«,»-c.«) + 






C* 



Division III. — Numerical evaluations of (he coefficients in the 
formuUefor 4tft. 8^ in. narrouygauffe roads, and 1 ft. broad- 
gauge roads, and application of the results to simple cases of 
common occurrence. 

For the narrow-gauge roads we may put ^sSft, s=:6ft, 
and for the broad gauge ^ = 7 ft. 3 in., 8 = 6 ft, whatever may 
be the thickness of the rail. 

If we put the clearance c = 2 in., and the thickness of the 
rail < = 2^ in., the sum of the two will be 4^ in. Since the 
clearance c may yary from 1^ in. to 2^ in., the numerical 
evaluations, which are obtained by making o -{- ^ = 4^ in., will 
hold good for rails whose thickness t varies from 2 in. to 3 in. if 
at the heels of the switches the sum of the clearance and the 
thickness of the rail is made equal to 4^ in. 

Narrouy^auge Beads. 



2Vi(V^- 


'Ve + t) 


2V^(V^- 


• Vc+e) 


2^/g{^/c + t^ 


-Ve + e) 


^/ 


9 


^A 


9 


/ 


v/:-.i 



= 7-26 ft. = 7ift. 



= 8-02 ft. = 8 ft. 



= •76 ft. = f ft. 



= 1-48 = U. 



= 1-79 = U. 



09 = 



iiV* 
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2Vsr(V« + Sr-Vc+« 



2V« + Sr(V« + Sr-Vc + < 



2Vsr(V« + 2sr-Vc + < 






2^/8{^/8'^^/c + t 



2^/g(^/g^^f2{c + t) 



2 V^ (V2(« + (7) - 2 VH^< 

2V^(V2^+7)-2Vi 

2 V« + 2sr ( V^ - Vc + < 



2^/8 + 2g(V8 + g^^/c + t 



2V«+2^(V«-Vc + « 



(n + l)a+(n + 3)sr-4V^(c+ 



« + 2flr 



= 12-1 ft. = 12 ft. 
= 17-92 ft. = 18 ft. 
= 15-14 ft. = 15ift. 
= 27-1 a = 27 ft. 
= 8-22 ft = 8ift. 
= 9 a = 9 ft. 

= 6-i2ft. = e^vft. 

= 15-6 ft. = 15ift. 

= •98 ft. = 1ft. 

= 13 ft. = 13 ft. 

= 21-62 ft. = 21f ft. 

= 14-7 ft. = 14|ffc. 

= (ll»+15-52)ft. = (lliH-15i)ft. 

= -66 = f 



V; 



0+^9 



V, 



8 



s + 2g 



= •83 = 1. 



= -61 = f. 



8 + 2g^2^/g{c + t) = 13-26 ft. = 13^ ft. 

8 + Sg^2^/g{c + i) = 
8 + g^2^fJ{rft) = 



18-26 ft. = 18iffc. 
8-26 fi = 8ift 



Broad-gauge Boad8. 

2 ^'g (V^ - Vc+1) = 11-20 ft. = 11^ ft. 
2 V^ (V"^ - ^/V+e) = 12-10 ft. = 12^3^^ ft. 
2 y/g (Vc+1 - Vc + e) = -9 ft. = :^ ft. 
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v'4^ = '" ' '»■ 



V 



'-±^ = 1-69 = V, 
9 



Vh 



J - TIT- 



2 V^ (VM^ - V'M^) = 16-8 ft. = 16^^ ft. 
2 V7+^ (VH^ - Vc+"0 = 22-04 ft. = 22 ft. 
2 V^ (Vrp2^ - V'H^O = 2108 ft. = 21A ft. 
2 V« + 2^ (V7+27 - VhH) = 36-46 ft = 85^ ft 
2 ^/g (V» - V7+"0 = 9*88 ft = 9t%^ ft 
2 V« ( V« - Vc+1) = 9 ft = 9 ft 

2>v/^(>v/i- V2(c + 0)= 9-84ft=9tft 

2 Va (>v/2(« + ^) - 2 Vc+l) = 19-22 ft = 19^ ft 

2 V«(V2(a + ^)-.2 V«) = l-20ft = lift. 

2 V« + 2gr (Vflr - Vc+1) = 18-84 ft = 18J ft. 

2 V«+T^ (V7+^ - VT+l) = 27-42 ft = 27f ft 

2 V«+2sr (V« - Vc+l) = 16-64 ft = 16f ft. 



(w+3)« + (w + l)^-.4 >v/«(c+0 = (13in+19i)ft. 






« + 2? 



= -58 = 4. 



i+i- - -8 - * 



8 



»+2<7 



= -55 = U- 
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8 + g ^ 2 ^/ 8{c + t) = 10^ ft. 



2« + gr - 2V«(c + = 16^ ft. 



2 (« + gr) - 2 V« (c + = 23i ft. 



2« - 2 V«(c + = 9 ft. 

Since the numerical values of c^^, c^y &c., are seldom the exact 
values of the circular measures of those angles, but only ap- 
proximations suflSciently near to the exact value, so far as the 
mere lead of the crossing is concerned; the positions of the 
crossings, determined from formulae in terms of the leads of the 
crossings, will seldom be exactly the same as those determined 
from formulae in terms of the radius. This is a matter of no 
consequence in the case of single-line junctions. In the case 
of double-line junctions, the position of each crossing must be 
determined from formulae in terms of the circular measure of 
the same angle. When the positions of the crossings are so 
determined, suppose in terms of c^ or c/, the branch road will 

form a continuous true curve, whose radius will be — ^ or 
— ^ — 2—^^ , if the mam line be straight^ and ^-^ — or 

2~^"^ — ^^^ » ^ *^® °^^ 1"^® ^® curved, but which may 

Be,'±(s + 2ff) 

not exactly agree with the radius, from which e^^ or Ci* may 
have been determined. These remarks do not apply when the 
centre line of both roads has been staked out. 

Practical Numerical Bides. 

The simple general rules given here will enable the foreman 
platelayer to order his crossings from the shop for any work 
which he may have to do without a special plan, if he have no 
crossings in store ; or, if he have part of what he requires in 
store, will enable him to determine the leads of the rest to suit 
those he may have, without any actual preliminary setting out on 
the ground, so far as the special cases selected are concerned. 
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They will not only enable him to do this, but also to set out 
the positions of the crossings on the ground, without knowing 
cither the radius of the main line or the siding road. 

In order to make the rules as concise as possible, the symbols 
<5i^, <J2^ &c., will still in some cases be used to specify the posi- 
tion of the point of the crossing to which the rule relates. It 
is therefore absolutely necessary to master the meaning of these 
symbols before attempting to use some of the rules. A careful 
study of the following explanation and of the figures will make 
their meaning clear, and fix it firmly in the memory of any man 
fit to be a foreman platelayer, however unused he may be to 
bookwork. 

The figures at the bottom of the letter c refer to the rail of 
the siding road, those on the top to the rail of the main line. 

In single junctions, that rail of the siding road which cuts the 
rail of the main road is called the first rail of the siding road. 

In double junctions, that rail of the siding road which cuts 
three rails of the main road is called the first ; that which cuts 
two only, the second ; that which cuts one only, the third ; and 
that which cuts none, the fourth. 

The main-road rails are numbered to match. Thus, the 
switch of the first rail of the siding road touches the first rail of 
the main road, the switch of the second rail of the siding road 
touches the second rail of the main road, and so on. 

In the case of through roads, where the siding road may cross 
several main-line roads, the rails of the main roads are numbered 
in order from the first. Even the rails of the last road, between 
which and the first communication is established, are numbered 
in the same order. Thus, if there be one intervening road, the 
rails touched by the first siding rail will be the first and fifth, 
and those touched by the second siding rail, the second and 
the sixth. 

The platelayer must also fix firmly in his memory the 
meaning of the symbols Hi, Hg, H3, H4, &c., which denote either 
the actual positions of the heels of the switches of the first, second, 
third, &c., rails, or the points, where a line drawn through the 
heels of the switches at right angles to the main line cuts the 
rails of the main roads. Thus, in the case of a cross-over road, 



I . 
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two of the symbols will be at the actaal heels of the switches 
and the remaining two at the points, where a line drawn 
through the two first at right angles to the centre line of the 
railway cuts the other two rails. The symbols H'l, H'a, H3, H4, 
have the same meaning with reference to the heels of the 
pair of opposite switches, H'l being on the same main-line rail 
as Hi, and so on. 

If there be more than four rails, as in the case of through 
roads, the symbols for the succeeding rails will be Hg, Hg, &c. 

Having fully mastered the meaning of these symbols, an 
intelligent foreman will be able to use not only the rules given 
here, but the formulae in Division 11. 

Since the values of s g, Cyt and 6, are expressed in feet, where 
B the radius of the main line occurs its value must be expressed 
in feet and not in chains. 

The point of the crossing, referred to in the following rules> 
is not the actual point of the crossing, but the point where the 
centre lines of the rails, which compose the crossing, intersect, 
if it consist of two of the ordinary main-road rails meeting at 
the proper angle. In order to mark its position on the crossing, 
a straight-edge or string must be held close to the inner edge 
of the rails; the points, where the line of the inner edge of 
either rail cuts the outer edge of the other, being marked in 
this way on the crossing, a line joining these two marks will 
pass through the point of intersection of the centre lines of the 
two rails. 

If the crossing be a solid box, lines must be marked on it 
parallel to each face of the V* ^^ ^ distance from the face equal 
to half the thickness of the rail. The point where these lines 
intersect is the point required. 

The values of c^y c^, &c., are expressed by a fraction, whose 
numerator is one and denominator a whole number, if the 
crossing be easy. If the crossing be sharp, the denominator is 
either a whole number, or lies half-way between two consecutive 
whole numbers. Thus their values range according to the 
following series : 

1 JL 1 JL 1 i 
6' 6i' 7' 7i' 8' 9' 
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The numbers 6, 6^, 7, 7^, 8 and 9 are called the denonunatorsof 
the fractions, and represent the length of a crossing in feet, 
whose width at the open end is one foot between the centre 
lines of the rails. 

The stamp marks on the crossing are thus written : 

1 in 6, 1 in 6^, 1 in 7, 1 in 7^, 1 in 8, 1 in 9. 

The denominator is generally called the lead of the crossing, 
and will be so called in the following rules. 

Rvlesfor 4^?. 8J in. Narrow Gauge. 
Single4ine Junetion$. 

Rule J. — When the main line is straight, the radius of the 
branch line in feet is equal to ten times the square of the lead 
of the crossing. 

Thus, if the crossing be 1 in 8, 

Eadius of branch line = 10 x 8« ft. = 640 ft. 

Bide IL — When the main line is curved and the branch road 
curves in the same direction, the radius of the branch road in 
feet is equal to the product of ten times the radius of the main 
road in feet, multiplied by the square of the lead of the 
crossing, divided by the sum of the radius of the main road in 
feet, plus ten times the square of the lead of the crossiag. 
Thus, if the crossing be 1 in 8 and the radius of the main road 
20 chains, we have 

Eadius of branch road = ,^^^ , ^- —^ ft. = 432 ft. 

1320 4- 10 X 8* 

Bule HI. — When the main line is curved and the branch 
road curves in the opposite direction, the radius of the branch 
road in feet is equal to the product of ten times the radius of 
the main road in feet, multiplied by the square of the lead of 
the crossing, divided by the radius of the main road in feet, 
minus ten times the square of the lead of the crossing. 

Thus, if the lead of the crossing be 1 in 8 and the radius of 
the main line 20 chains, 

Eadius of branch line = ^htht^ tti S5 ft* = 1242 ft. 

1320 — 10 X S'* 
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Eule IV. — The length of the splayed part of a fast point in 
feet is equal to three-quarters of the lead of the crossing ; and 
the distance of the point of the fast point from the point of the 
crossing is equal to eight times the lead of the crossing, whether 
the main line be straight or curved, so long as the clearance at 
the point end of the fast point is equal to 2 inches, and the sum 
of the clearance plus the thickness of the rail is equal to 4^ in. 
at the other end. 

Thus, if the crossing be 1 in 8, 

Length of splayed part = 8 x i ft:* = 6 ft. 
Distance of point from point of crossing = 8 x 8 ft. = 64 ft. 

Bvle V. — The distance from the heel of the switch to the 
point of the crossing in feet, whether the main line be straiglit 
or curved, is seven and one-quarter times the lead of the 
crossing, if the sum of the clearance plus the thickness of the 
rail at the heel of the switch is equal to 4^ in. 

Thus, if the lead of the crossing be 1 in 8, 

Distance of point of crossing from heel of switch = 8 x 7^ ft. = 58 ft. 

Double'line Junctions. 

The first four of the rules for single-line junctions apply 
exactly to the case of the double-line junctions, the lead of the 
crossing c^ of the second main-line rail by the first rail of the 
siding being the one referred to in those rules. 

Whether the main line be straight or curved, so long as the 
clearance at the heels of the switches is equal to 4^ in., we 
have: 

Bvie L — The lead of the crossing Ci^ is equal to that of the 
crossing Ca*, and to two-thirds of that of the crossing e^; the 
lead of the crossing c/ is equal to four-sevenths of that of the 
crossing e^ ; the lead of the crossing c^ is equal to ten-eleventlis 
of that of e^ ; and the lead of c^ is equal to that of Ci*. 

Thus, if the crossing <5i^ be 1 in 8, 

Lead of the crossing c/ or c,* = 8 x f = 6^. 

» n ^1 = o X y = ^7« 

^8 _ Q ^ 10—71 

„ „ C3 = o. 

O 
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Bale 11. — The distance in feet from the line of thcrlieels of 
the switches of the crossing e^ is equal to that of the crossiiig 
Cj\ and to seven and one-qaarter times the lead of the crossiiig 
Ci^ ; the distance of the crossing Ci' is equal to that of the cross- 
ing e^, and to twelve times the lead of the crossing Ci^; the 
distance of the crossing c/ is equal to fifteen and one-fifth times 
the lead of the crossing c^^ ; and that of the crossing c^ to eight 
and one-quarter times the lead of the crossing e^. 

Thus, if the crossing Oi^ be 1 in 8, 

Distance of crossing c/ or V from heel of switch 
= 7i X 8 ft. = 58 ft 

Distance of crossing c/ or €% from, heel of switch 
= 12 X 8 ft. = 96 ft. 

Distance of crossing e* from heel of switch 
= 15^ X 8 ft. = 121 ft. 6 in. 

Distance of crossing e/ from heel of switch 
= 8i X 8 ft. = 66 ft. 

Three Throws. i 

It would be easy to give numerical rules for the formulae in ] 

Division 11., but it is not worth while to do so, except in the j 

two special cases already discussed, viz. that in which c^ = c^ , 

1 2 

when the branch roads curve in opposite directions, and that 
in which c^ = c^ V 2, when the branch roads curve in the same 

2 1 

direction. 

These are the simplest forms of three throws, and therefore 
ought always to be used, unless a special three throw be neces- 
sary. When this is the case, the three throw ought to be set 
out on the ground by the engineer in charge of the work. 

Case I. — Branch Boada curving in opposite directions, and crossing the 

Main-line rails at the same angle. 

Whether the main line be straight or curved : 

Bule L — ^When the clearance at the heels of the switches 

between contiguous rails is the same for both roads, the heels 

of the switches are opposite one another. 
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RtUe IL — The lead of the middle crossing e^ of one branch 
rail by another is equal to five-sevenths of the lead of either of 
the other crossings. 

Thus, if either main line crossing be 1 in 8, 

Lead of middle crossing c^ = 8 x f = 6. 

Rvle III. — The point of the crossing o^ is exactly in the middle 
of the main road. 

BiUe IV. — ^The distance from the heels of the switches in feet 
of the crossing c^ is equal to that of the crossing c^ , and to seven 

1 2 

and one-quarter times the lead of the crossing; that of the 
middle crossing c^ is equal to four and two-fifths of the lead of 
either of the crossings c^ and c^. The sum of the thick^ess 

plus the clearance between contiguous rails being 4^ in. 
Thus, if the main-line crossings be 1 in 8, 

Distance of c, or c, from heel of switch <= 8 x 7^ f^ = 58 ft. 

1 a 

Cm OTCr „ „ = 8 X 4f ft. = 85 ft. 



n 

a 



Casb n. — Branch Boada curving in (he same direction^ the lead of the 
easier Main-line crossing being equal to seven-fifths of that of the 
sharper crossing. 

Whether the main line be straight or curved : 

Bute I. — ^When the clearance at the heels of the switches 

between contiguous rails is the same for both roads, the heels 

of the switches are opposite one another. 
Bule II. — ^The lead of the middle crossing e^ is equal to that 

of the easier crossing (v and to seven-fifths of that of the sharper 

crossing Cr . 

2 

Thus, if the crossing c, be 1 in 8, 



Lead of crossing c« = 8 x i = 11« 

BtUe m. — ^The distance firom the heel of the switch of the 
crossing Cr is equal to ten and one-fifth times the lead of the 

crossing c^ ; that of the crossing c^ to six and one-tenth times 

2 2 

O 2 
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that of e, ; and the distance of c« to that of e^ . The sum of the 

3 1 

thickness plus the clearance between contiguous rails being 4^ in. 
Thus, if the crossing c, be 1 in 8, |^ 



s 



I 
1 

I 
I 



DiflUnce of c^ from heel of switch s 8 x 10^ ft. = 81 fL 6 in. ^ 

Cr n H = 8 X OtV f*. = 49 ft 

fl 

„ f« „ „ = 8 X lOi ft = 81 ft 6 in. 

Crou-over Boads. 

Whether tlie main line be straight or curred, if the clearance 
at the Iieels of the switches pins the thickness of the rail be 
equal to 4^ in. : 

Rule I. — The lead of one crossing is equal to that of the 
other and to the interval between the heels of the switches 
expressed in feet, divided by fifteen and a half feet. 

Thus, if the interval be 124 ft, 

124 
The lead of each crossing = r-^ = 8. 

Bvle IL — ^The interval between the heels of the switches is 
equal to fifteen and one-half times the lead of either crossing. 
Thus, if the crossing be 1 in 8, 

Interval between the heels of the switches = 15^ x 8 ft = 124 ft. 

Bvle IIL — The distance in feet of either crossing from the 
heel of the switch on the same rail as the crossing is equal to 
seven and one-quarter times the lead of the crossing, and the 
interval between the points of the crossings is equal to the lead 
of either crossing. 

Thus, if the crossing be 1 in 8, 

Distance of either crossing from the heel of the nearest switch 

= 8 X 7i ft. = 58 ft. ' 

Interval between points of crossings = 8 ft 

Through Boads, 

When there are n intervening roads : f 

If the main line is straight, and the clearance at the heels of 
the switches plus the thickness of the rail is 4^ in. ; and the 
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through road consists of two reverse curves, separated by an 
interval of straight, which extends fix)m extreme crossing to 
extreme crossing : 

Bule L — ^The leads of the crossings are equal, and each is 
equal to the interval between the heels of the switches in feet, 
divided by eleven times the number of the intervening roads 
plus fifteen and one-haK feet. 

Thus, if there be three intervening roads, and the interval be 
388 ft.. 

Lead of the crossing = -r^ = 8. 

RvJe II, — The interval between the heels of the switches in 
feet is equal to the lead of the crossing, multiplied by eleven 
times the number of intervening roads plus fifteen and one-half. 

Thus, if the lead of the crossing be 1 in 8, and there are 
three intervening roads. 

Interval between heels of switches = 48^ x 8 ft. = 888 ft. 

Rvile III. — The distance in feet from the heel of the switch of 
the crossing c^ is equal to that of the crossing Cg'"+*, and is 
equal to seven and one-quarter times the lead of the crossing. 
The distance of the crossing c^ is equal to that of the crossing 
Cj*""*"*, and is equal to eight and one-quarter times the lead of 
the crossing. Lines drawn from c^ to c,' ""*"', and from g-^ to 
c/""*"*, will mark out the positions of the rest of the crossings. 

Thus, if the lead of the crossing be 1 in 8, 

Distance of the crossing c,' or Ca*"+* from the heel = 7|^ x 8 ft. = 58 ft. 

c,»orc,«"+» „ „ =8Jx8ft. = 66ft. 

When the main line is curved, or the through road consists of 
two reverse curves meeting at a common tangent, the formulae 
in Division I. must be used. 

When there is only one intervening road, and the reverse 
curves meet at a common tangent : 

Whether the main line be straight or curved, if the clearance 
plus the thickness of the rail be 4^ in. : 

Rvle L — When the interval in feet between the heels of 
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tho Bwitches is giTen, the lead of the cnmng ^' or 0/ is equal 
to this interval divided by twenty-fbur. 
Thus, if the interval be 192 ft., 

Load of the oroanng e^* ate/=i -^j- s 8. 

Rule IL — The interval between the heels of the switches is 
equal to twenty-four times the lead of the croodng e^ or «,^ 
Thus, if the crossing Ci* or e,* be 1 in 8, 

Interval between the heela of the switehea = 24 x 8 ft. = 192 ft. 

Bule III. — ^The lead of the crossing Ci^ is equal to that of the 
crossing e^^ and is equal to two-thirds of the lead of the crossing 
01^ or 62 ; that of the crossing 0/ is equal to that of the crossing 
0/, and is equal to ten-elevenths of the lead of the Grossing e^ 
or Cj*. 

Thus, if the lead of Oi^ or c,* be 1 in 8, 

Lead of crossings 0/ and 0/ s 8 x } = H- 

Rule IV. — ^The distance in feet from the line of the heels of 
the nearest switches of the crossing e^ is equal to that of the 
crossing c^^ and to seven and one-quarter times the lead of 
the crossing e* or 02^ ; the distance of the crossing Oi^ is equal to 
that of the crossing 0,^ and to twelve times the lead of the 
crossing c^^ or 63^ ; the distance of the crossing c^^ is equal to 
that of the crossing 62^ and to eight and one-quarter times the 
lead of the crossing Ci* or e^. 

Thus, if the crossing c^ or Ca* be 1 in 8, 

Distance of c/ or Cg* fix>m the heels = 7^ x 8 ft. = 58 ft. 

c,» „ c,* „ „ = 12 x 8 ft. = 96 ft. 

c^ „ c;* „ „ = 8i X 8 ft. = 66 ft. 

Siding Roads leading from one Main-line Road across the other : Siding 
Road a continuous curve till it leaves the Main Line. 

Whether the main line be straight or curved, if the sum of 
the clearance plus the thickness of the rail be 4^ in. : 



RECAPITULATION OF FORMULA OF CHAPTERS II. AND IH. 199 

If the lead of the crossing e^ be given : 

Rule I. — See Bule I., Double-line Junctions. 

Bule IL — See Bule II., Double-line Junctions. 

If the lead of the crossing Ci* be given : 

BuJe III. — The lead of the crossing c^ is equal to seven- 
fourths of that of Ci* ; the lead of c^^ is equal to that of CaS and 
to five-fourth times that of Cj* ; and the lead of c^ is equal to 
five-thirds the lead of Ci\ 

Thus, if the crossing Ci* be 1 in 4 J, 

Lead of crossing Cj* = 4^ X J = 8. 

„ C|' or Cg* = 4^ X f = 5^. 
jj Cg = 4tj- X 3^ = 7 If. 

Bule IV. — The distance from the line of the heel of the 
switch in feet of the crossing Cj^ is equal to thirteen times the 
lead of the crossing Ci* ; the distance of Ci^ is equal to that of 
C2, and to twenty-one and three-fifths of the lead of c^* ; the 
distance of Ci* is equal to twenty-seven times the lead of Ci*; and 
the distance of e^ to fourteen and three-quarter times the lead 

of Ci\ 

Thus, if the crossing Ci* be 1 in 4^, 

Distance of crossing c* from heel = 13 x 4^ ft. = 58 ft. 6 in. 

c.» or ca* „ = 21f X 4i ft. = 97 ft. 2 in. 
c»* „ = 27 X 4^ ft. = 121 ft. 6 in. 

C» „ = 14| X 4^ ft. = 66 ft. 6 in. 
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When the main line is straight, and the siding road, after 
crossing the second main-line road, continues straight, if the 
sum of the clearance plus the thickness of the rail be 4J in., 
we have : 

Bvie I. — The leads of the crossings are all equal to each 
other. 

Bule II. — The distance in feet from the line of the heel of 
the switches of the crossing Ci^ is equal to seven and one- 
quarter times the lead of the crossing ; the distance of c^ is 
equal to that of C2*, and to thirteen and one-quarter times the 
lead ; the distance of Ci* to eighteen and one-quarter times the 
lead ; and that of 02^ to eight and one-quarter times the lead. 
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Thus, if tho crossings be 1 in 8, 

Distance of r." from hod =: 7^ x 8 ft. = 68 fL 
<•«• or c/ „ = 13J X 8 ft = 106 ft 
r.* „ = 18J X 8 ft = 146 ft. 

c/ n = 8J X 8 ft = 66 ft 



n 
»» 

91 



When the main line is curved, the formuIsB are too compli- 
cated to be reduced to simple written rules. 

The simplest way of patting in such a siding road is to use 
a continuous curve as far as the crossing ei\ The required 
direction of the siding on leaving the main line will give the 
lead of tliis crossing. 

Bvlesfor 1 ft Broad Chuge. 
Single-line Junctions, 

Rule L — When the main line is straight, the radius of the 
branch line in feet is equal to fourteen and one-half times the 
square of the lead of the crossing. 

Thus, if the crossing be 1 in 8, 

Badius of the branch line = 14^ x 8' = 928 ft 

Rule 11. — When the main line is curved and the branch 
road curves in the same direction, the radius of the branch road 
in feet is equal to the product of fourteen and one-half times 
the radius of the main road in feet, multipUed by the square of 
the lead of the crossing, divided by the sum of the radius of the 
main road in feet plus fourteen and one-half times the square 
of the lead of the crossing. 

Thus, if the crossing be 1 in 8, and the radius of the main 
road 20 chains, we have 

Eadius of branch road = ,1?.^. , .. ^ ., = 645 ft. 

1320 -4- 14^ X 8* 

BvJe III. — When the main Une is curved and the branch 
road curves in the opposite direction, the radius of the branch 
road in feet is equal to the product of fourteen and one-half 
times the radius of the main road in feet, multiplied by the 
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square of the lead of the crossing, divided by the radius of the 
main road in feet minus fourteen and one-half times the square 
of the lead of the crossing. 

Thus, if the crossing be 1 in 8, and the radius of the main 
line 20 chains, we have 

Eadius of branch line = ?f L^ ^?!? ^ f ! = 3023 ft. 

1320 — 14^ X 8 

Bule IV, — ^The length of the splayed part of a fast point in 
feet is equal to nine-tenths of the lead of the crossing ; and the 
distance of the point of the fast point from the point of the 
crossing is equal to twelve and one-tenth times the lead of 
the crossing, whether the main line be straight or curved, so 
long as the clearance at the point end of the fast point is equal 
to 2 in., and the sum of the clearance plus the thickness of the 
rail is equal to 4^ in. at the other. 

Thus, if the. crossing be 1 in 8, 

Length of splayed part = 8 x t^ ft. = 7 ft. 3 in. 
Distance of point from point of crossing = 8 x 12^ ft. = 96 ft. 10 in. 

Bvie F. — The distance from the heel of the switch to the 
point of the crossing in feet, whether the main line be straight 
or curved, is eleven and one-fifth times the lead of the crossing, 
if the sum of the clearance plus the thickness of the rail at the 
heel of the switch is equal to 4^ in. 

Thus, if the crossing be 1 in 8, 

Distance of point of crossing from heel of switch 
= 8 X Hi ft. = 89 ft. 7 in. 

DotMe-line Junctions, 

The first four of the rules for single-line junctions apply 
exactly to the case of the double-line junctions, the lead of the 
crossing c^ of the second main-line rail by the first rail of the 
siding being the one referred to in these rules. 

Whether the main line be straight or curved, so long as the 
clearance at the heels of the switches is equal to 4J in., we 
have: 

BvJe I. — The lead of. the crossing <?i^ is equal to that of the 
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crofising <^^ and to fireHseyenths of that of the crossing e^ ; the 
lead of the crossing c/ is equal to teuHseyenteenths of that of c^; 
the lead of the crossing 02^ is equal to ten-ninths of that of Cy^ ; 
and the lead of 03^ is equal to that of Oy. 
Thus, if the crossing c^' be 1 in 8, 

Lead of crossing C|* or c,^ = 8 x f = 6. 
„ c/ =8xf»=6. 

„ c.» =8xV = ^- 

„ „ e^ ~ "• 

Bale 11. — ^The distance in feet &om the line of the heels of 
the switches of the crossing Oj^ is equal to that of the crossing 
03^ and to eleyen and one-fifth times the lead of the crossing e^; 
the distance of the crossing Oi is equal to that of the crossing 
02^ and to sixteen and three-tenth times the lead of the 
crossing Ci' ; the distance of the crossing c/ is equal to twenty- 
one and one-tenth times the lead of the crossing e^ ; and the 
distance of the crossing 02^ is equal to nine and nine-tenth times 
the lead of the crossing e^. 

Thus, if the crossing c^^ be 1 in 8, 

Distance of Cj" or Ca* from heels = 8 x HJ ft. = 89 ft. 7 in. 
„ C|» or Cg* „ „ = 8 X 16^ ft. = 130 ft. 4 in. 

„ c/ „ „ =8x2lTVft. = 168ft. 9in. 

c,» „ „ =8x9^ft. = 79ft.9in. 

Three Throws. 

It would be easy to give numerical rules for the formulsB in 

Division II., but it is not worth while to do so, except in the 

two special cases already discussed, viz. that in which 

0^ = 0^ , when the branch roads curve in opposite directions, and 
I t 

that in which (V = Cr V2, when the branch roads curve in the 

t 1 

same direction. 

These are the simplest forms of three throws, and therefore 
ought always to be used, unless a special three throw be neces- 
sary. When this is the case, the three throw ought to be set 
out on the ground by the engineer in charge of the work. 
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Casb I. — Branch Boads curving in opposite directions^ and crossing 

the Main-line rails at the same angle. 

Whether the main line be straight or curved ; 

Bule I. — ^When the clearance at the heels of the switches 
between contiguous rails is the same for both roads, the heels of 
the switches are opposite one another. 

Bvie IL — The lead of the middle crossing o^ of one branch- 
road rail by the other is equal to fiyoHSievenths of the lead of 
either of the other crossings.. 

Thus, if main-line crossings be each 1 in 8, 

Lead of middle crossing c^ = 8 x ^ = 6. 

BvJe III. — ^The point of the crossing e^ is exactly in the 
middle of the main road. 

Bvle TV. — The distance in feet from the heels of the switches 
of the crossing o^ is equal to that of the crossing c, , and to 

1 8 

eleven and one-fifth times the lead of the crossings ; that of the 
middle crossing c^ to seven times the lead of the crossings 
c^ or c^ ; the sum of the clearance plus the thickness of the rails 

1 8 

being 4^ in. 

Thus, if the crossing of the main line be 1 in 8, 

Distance of c^ or Cr from heel = 8 x HJ ft. = 89 ft. 7 in. 
„ c^ „ ,,=8x7 ft. = 56 ft. 

Case IL — Branch Boads curving in the same direction^ (he lead of 
the easier Mainrline crossing being equal to sevenrfifths that of the 
sharper crossing. 

Whether the main line be straight or curved : 

Bule I. — When the clearance at the heels of the switches 

between contiguous rails is the same for both roads, the heels of 

the switches are opposite to one another. 

Bule IL — The lead of the middle crossing e^ is equal to that 

of the easier crossing Cr , and to seven-fifths of that of the 

sharper crossing Or . 
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Thus, if the crossing c, be 1 in 8, 

8 

Lead of the crossing c^ = 8 X j^ = 11. 

Bule III. — ^The distance from the heel of the switch of the 
crossing Cr is equal to fifteen and three-quarter times the lead 

of the crossing Cr ; the distance of the crossing c, to eleyen and 

one-fifth times that of the crossing Or ; and the distance of 
c^ to that of Cr • 

Thus, if the crossing c^ be 1 in 8, 

Distance of c, from heel of switch = 8 x ISf ft. = 126 ft. 

1 

Cr „ „ = 8 X Hi ft. = 89 ft. 6 in. 

„ c„ „ „ = 8 X 16i fL = 126 ft. 

Cross-over Boads, 

Whether the main line be straight or curved, if the clearance 
at the heels of the switches plus the thickness of the rail be 
equal to 4^ in. : 

Bule I. — The lead of one crossing is equal to that of the 
other, and to the interval between the heels of the switches ex- 
pressed in feet, divided by nineteen and one-quarter feet. 

Thus, if the interval be 154 feet. 

Lead of crossing = —- = 8. 

l^i 

Bule 11. — The interval between the heels of the switches is 
equal to nineteen and one-quarter times the lead of either 
crossing. 

Thus, if the crossing be 1 in 8, 

Interval between the heels of the switches = 19^ x 8 ft. = 154 ft. 

Bule III. — The distance in feet of either crossing from the 
heel of the switch on the same rail as the crossing is equal to 
ten and one-quarter times the lead of the crossing, and the 
interval between the points of the crossings is equal to one and 
one-fifth times the lead of the crossing. 
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Thus, if the crossing be 1 in 8, 

Distance of either crossing from the heel of the nearest switch 

= 8x lOift. = 82ft. 
Interval between points of crossings = 8 x I7 ft. = 9 ft. 7 in. 

Through Boads. 

Where there are n intervening roads : 

K the main line is straight and the clearance at the heels of 
the switches plus the thickness of the rail is 4^ in., and the 
through road consists of two reverse curves, separated by an 
interval of straight, which extends from extreme crossing to 
extreme crossing : 

Bule L — The leads of the crossings are equal, and each is 
equal to the interval between the heels of the switches in feet, 
divided by thirteen and one-quarter times the number of inter- 
vening roads plus nineteen and one-quarter feet. 

Thus, if there be three intervening roads, and the interval 

472 ft., 

472 
Lead of crossing = -^ = 8. 

Bule IL — ^The interval between the heels of the switches in 
feet is equal to the lead of the crossing, multiplied by thirteen 
and one-quarter times the number of intervening roads plus 
nineteen and one-quarter feet. 

Thus, if the crossing be 1 in 8, and there are three inter- 
vening roads. 

Interval between heels of switches = 59 x 8 ft. = 472 ft. 

RnJe III. — The distance in feet of the line of the heel of the 
switches from the crossing e^ is equal to that of the crossing 
c/*+", and to ten and one-quarter times the lead of the crossing ; 
the distance of e^ is equal to that of c," ■"♦■•, and to nine times 
the lead of the crossing. Lines drawn from Ci^ to c,'*+", and 
from e^ to (5,**"^', will give the positions of the rest of the 
crossings. 

Thus, if the crossing be 1 in 8, 

Distance of the crossing Ci" or Cs,""+» from the heel = lOJ x 8 ft. = 82 ft. 

c,»orc.«-+« „ „ =9x8ft. = 72ffc. 



»> » 
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When the main line is curvedy or the through road oonflsto 
of a pair of rovcrao curves meeting at a oommon tangent, die 
formal® in Division L must be used. 

When there is only one intervening road, and the reverse 
curves meet at a common tangent whether the main line be 
straight or curved, if the clearance plus the thickness of the 
rail be 4^ in. : 

Rule I. — When the interval in feet between the heels of 
the switches is given, the lead of the crossing e^ or ej^ is equal 
to this interval, divided by thirty-two and three-fifths feet. 

Thus, if the interval be 261 lin. ft, 

261 
Lead of the crossing e* or e«* = -=rzr- = 8. 

Bute II. — ^The interval between the heels of the switches is 
equal to thirty-two and three-fifth times the lead of the crossing 
Ci* or c/. 

Thus, if the crossing o^ or 62* be 1 in 8, 

Interval between the heels of the switches = 82^ x 8 ft. s 261 ft. 

Bute III. — ^The lead of the crossing Oi^ is equal to that of the I! 
crossing 63^, and is equal to five-sevenths that of the crossing e^; 
the lead of the crossing 02^ is equal to that of the crossing 
Ci\ and to ten-ninths of that of the crossing e^. 

Thus, if the crossing Oi^ or e^ be 1 in 8, 

Lead of crossings cf and Ca^ = 8 x y = ^* 

c,» and c/ = 8 X ^ = 9. 



Rule IV. — The distance in feet from the line of the heels of 
the nearest switches of the crossing e^^ is equal to that of the 
crossing (x/, and to eleven and one-fifth times the lead of the 
crossing; the distance of the crossing Ci^ is equal to that of 
the crossing CjS a^d to sixteen and three-tenth times the lead 
of the crossing d^ or 62^ ; and the distance of the crossing e^ is 
equal to that of Ci\ and to nine and nine-tenths the lead of c^ or a/. 

Thus, if the crossings c^^ and Ca* be 1 in 8, 

Distance of Cj* or c,* from heels =11^ x 8 ft. = 89 ft. 7 in. 
Ci'orcg* „ „ =16^x8 ft. = 130 ft. 4 in. 
c,»orc/ „ „ = 9T^x8ft. = 79ft. Sin. 
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Siding Boads leading from one Mainline Boad cusross the other : Siding 
Bead a continuous curve till it leaves the Main Line. 

Whether the main line be straight or curved, if the sum of 
the clearance plus the thickness of the rail be 4^ in., we have : 

If the lead of the crossing c^ be given : 

Bvle I. — See Eule I., Double-line Junctions. 

Bvle 11. — See Eule II., Double-line Junctions. 

K the lead of the crossing Ci* be given : 

Bvle III. — The lead of the crossing c^ is equal to five-thirds 
that of the crossing Ci* ; the lead of the crossing c^ is equal to 
that of the crossing c^y and to five-fourths that of the crossing 
Ci ; and the lead of the crossing c^ is equal to twenty-elevenths 
of that of Ci*. 

Thus, if the crossing Ci* be 1 in 5, 

Lead of crossing c^ = 5 x f = 8. 

„ „ Ci' or Cg* = 5 X f = 6. 

„ „ Cg = 5 X XT = 9* 

Bvle IV. — The distance from the line of the heels of the 
switches in feet of the crossing Oi^ is equal to nineteen and 
three-tenth times the lead of the crossing Ci^ ; the distance of 
the crossing e^ is equal to that of the crossing Ca*, and to twenty- 
seven and two-fifth times the lead of the crossing Cj* ; the dis- 
tance of the crossing Ci* is equal to thirty-five and one-half 
times the lead of (h^ ; and that of e^ to sixteen and two-fifth 
times that of Ci*. 

Thus, if the crossing Ci* be 1 in 5, 

Distance from heel of crossiug c* = 6 x 19| ft. = 99 ft. 

c.»orc,* = 6x27ift. = 137ft. 
„ „ „ c/ =5x36Jft. = 177ft.6in. 

c,» =6xl6*ft. = 82ft. 

When the main line is straight, and the siding road after 
crossing the third main-line road continues straight, it the sum 
of the clearance plus the thickness of the rail be 4J in., we 
have: 

Bute I. — ^The leads of the crossing are all equal to each 
other. 

Bule II. — The distance in feet of the line of the heel of the 
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Hwitchcs of the crossing e? is equal to ten and one-quarter times 
tlic lea<l ; the distance of c^ is equal to that of c^, and to sixteen 
uud one-quarter times the load ; the distance of e^ is equal to 
twenty -three and one-half times the lead ; and the distance of 
c/ to nine times the lead. 

Thus, if the crossing be 1 in 8, 

DiBtanco from hoel of <*,' = 10^ x 8 ft. = 82 ft 

„ „ e* or e,« = 16^ X 8 fL = 130 ft 

c.* = 23J X 8 fL = 188 ft 

„ „ e^ =9x8 ft =72 ft 

Wlien the main line is curved, the formnUe are too compli- 
cated to be reduced to simple written rules. 

The simplest way of putting in such a siding road is to use a 
continuous curve as far as the crossing e^. The required direc- 
tion of the siding on leaving the main line will give the lead of 
this crossing. 

Since the constants by which the leads are mnltiplied in ttie 
formula) in Division IL only give approximations sufficienlly 
exact for practical use, it is evident that the easier the crossing 
the greater will the deviation from exactness be. So &r as the 
mere leads go, this is of no consequence. The error in the 
position of the siding rail, measured at right angles to the rail 
of the siding, is equal to the error in the position of the cross- 
ing measured along the main line, divided by the lead of the 
crossing. Therefore the error in the position of the siding rail, 
arising from an inexact value of the constants, vdll be the same 
whatever may be the lead of the crossings, since the error in 
the value of the constant is alternately multiplied and divided 
by the lead of the crossing. 

The deviations from exactness here referred to have nothing 
to do with the errors introduced by using approximate values 
of the leads. The nature of these has already been fully ex- 
plained. 
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CHAPTER VI. 

RECAPITULATION OP FORMULA IN CHAPTER IV., AND REMARKS 

ON THEIR PRACTICAL USE. 

The additional simplifications of the formulsB, and the simplified 
formuIdB themselves, so far as simple junctions and three throws 
are concerned, are identical with those given in Chapter V., and 
rest on the same assumption, viz. that the radius of the curve of 
each rail may be taken to be equal to that of the centre line. 

So far therefore as simple junctions and three throws are 
concerned, the truth of this principle might have been assumed, 
and the formute written down at once in their simplified form. 
Instead therefore of again repeating them, it will suffice here 
to refer the reader to the three general rule* for ascertaining 
the circular measures and positions of the angles of the crossings 
given in Chapter V., page 170. 

The rules given in that chapter to ascertain the positions of 
the heels of the switches in three throws apply also to the case 
of mixed-gauge roads. 

The nature of the simplification of the formulaB for cross-over 
and through roads requires special elucidation. 

Cross-over Boads. 

The only class of cross-over roads discussed in Section IV., 
Chapter IV., is that in which the broad and narrow-gauge 
reverse curves have a common springing. If the broad and 
narrow-gauge reverse curves are wholly disconnected, the 
simplest system is that of two reverse curves meeting at a 
common tangent. This system of single cross-over roads is 
fully discussed in Section IV., Chapter m. In the case of the 
cross-over from one narrow-gauge road to another, we must 
substitute in the formulsB for g and s their proper values g -- d 
and s + 2 d respectively. In the case of the broad-gauge road, 
formulaB for the values and positions of h^ and h^y and in the 
case of the narrow-gauge road formulaB for the values and posi- 
tion of n^, V, ^2* a^d Ui, must be added to those given in 

p 
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Chapter III., Section lY. This last is by far preferable to the 
system explained in Chapter lY., since it is mnch simpler to 
put in at firot, and much more easily maintained. It cannot 
however in all coses be adopted, for want of space. 

Cruti-over roads with a common springing do not admit 
theoretically of such simple formulsB as single-gauge cross-overs. 
The deviations from exact values allowable in practice, however, 
admit of the formula) being rendered almost as simple in the 
former case as in the latter. 

Cage I., Section FV^ Ckapier IV. ' 
The simplifications of the formulae present no special features. 

_ Ccae 11^ Chapter TV., SecUm IV. 

The relations between the radii of the broad-gauge reverse 
curves are 

r« = =r : — : : ;^ ? t "• — 



^ ''Bg+{8 + g)rr ' ^g-{s + g)r,'' 

These relations will be identical with those between the same 
radii, when the reverse curves meet at a conunon tangent, when 



1±^ = 2. 



-;^« + ^ 



How far the divergence of the value of the ratio ^ firom 

this value causes the formulaB for the circular measures of the 
angles of the broad-gauge crossings in Case 11., Chapter IV., to 
diverge from those in Case 11., Chapter HL, may be shown as 
follows. 

From the above relations between the radii we obtain the 
following : 

since 



•1 
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Now the fraction 

will differ most from unity when B has a minimum value. The 
minimum value of R corresponds with the minimum value of 
rg* when r,* is infinite, and is therefore equal to 

{^ + 9)rJ' 

"^—^^ • 

9 
When R has this value, 

Since s ^ j^, if we evaluate /v/- on the assumption that 
8 = 6 ft., ^ = 5 ft., we get 



\/^ = n "«"*y- 



Since r^ must have its minimum value 4 chains, B cannot be 
less than 8^ chains, and 

6/ = g nearly; 

••• ^^" = 1 ^ n = 7^ = 4^^iy- 

Therefore, even in this extreme case, either lead would be 
suflBciently accurate in practice. But r/ can never be infinite, 
because in that case r* would be infinite too, and the narrow- 
gauge road rail would never meet the rail common to both 
roads. 

Since also 

,._,. d dr,>(B-r.>) 






p 2 



1 
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t : :ii> ft': 



(R - r/) _ " ^'+ 2By 



_ (B-r.')2g . 
- Rr;(2j-<I)' 



if wfi no^Ict't tho tcniiB, 



th«»refi)rf' 









"-^'V^T^.' 



Ac = &c. 
Similarly, we may show that 

A « < 17. 

Tlic relations between the radii of the broad-gauge reverse 



curves are 



rj' = 



Jir^'s 



r' = 



Rr>*» 



These relations will be identical with those between the 
same radii, when the reverse curves meet at a common tan- 
gent, when 

!±^ = 2. 

8 

How far the divergence of the value of this ratio from this 
value affects tho formulae may be shown by the method adopted 
in (a). 

From the relations between the radii we obtain the fol- 
lowing : 
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Since 



b*-^ / 2(R- ^O* .. _ ^ /2(B + r.')* 

"' - V — E7,^ ' ^' - V — WW' — ' 

When ri** is infinite, R = ^ r/, and the value of the fraction 

$ 



/y/ -p — ;^^ — T" becomes equal to - ; therefore 



Rs-rJ'ff ^ 8 

Since s < g, if we evaluate \/— on the^ assumption that 
s = 6 ft., J' = 7 ft. 3 in., we get 

V • = Jl nearly. 

Since r2* must not exceed its minimum value, 5 chains, R 
cannot be less than 11 chains, and 

W = g nearly, 

therefore, for the reasons stated in (a), either formula would 
give a value for 62* or 61^ sufficiently exact for practice. 
As in (a), we may show that 

R - r," (B - r/) 2 8 
R + n» (R + r,«)2« 



Rri» Rri"(2«-.<i) 

Hence we see — 

Ist. That the angles ti^, 62^ are practically equal to the 
angles 62^, 62^ respectively in Case 11. as well as Case I. 
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2n<l. That when the fonnul» are expressed in terms of the 
circular measures of the angles, the same formulae wiU apply 
to Cases L and II. 

For the determination of the position of the heel of the 
switch, or of the {loint of the fast point and the length of the 
splay of the latter, we require the values of the expressions 



and 



»•• V .«j n n 



r/-r,- r,' + rr 

a. 9^ g> 

i dr.* (B ~ r.») > 
r/r.' "' r " 2By f 
r.' - r." " dr,*(B-r,') 

dr.* d 



d- 



B 



^.1,. dr;( B + r.') l 

' r 2 B^ f 



r.'r,' • I ' 2 By 



"'+"' 2B7~~ 

^'{'^-'-'4\ (2,-d).> 

^ B 

fi- » <g. 






The expressiou for the angular interval between the spring- 
ings of the reverse curves admits of a very simple reduction, if 
we assume 



R-r,* R + ri 
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a. 8> g. 



_2g(l 1\ 2{8 + g) 

Therefore the linear interval is , ^ ^ . The linear interval 
between the springings, when the main line is straight, is 



-9 



— =-r-^ , which is less than the other by the interval , , , 

when the leads of the crossings are the same. Now ^,3 
is greater than the correct angular interval, which is equal to 



^^Wr.* r^'w\' 



because the lead of the crossing V exceeds that of the crossing 
61^, to which it was assumed to be equal. 

^ d 



-^---=Vij^,V. 



2B« 



(R-r/) 'V r,*(R + r,0 



2ajl 11 ^ 2is + g) 
V W r.M RV 



Therefore the linear interval is .. . The linear interval 
between the springings, when the main line is straight, is equal 
— r-j-^ , which is less than the former by the interval T'^ 7 

when the leads of the crossings are the same. Now \ST^ 
is greater than the correct angular interval, which is equal to 



^^ IVr/ Wr^' 
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Im.*caum.* th«* l<wl of the crriMing 6,' exceeds that of the croaa&g 
h^^ to which it wa8 liSBunieil to be equal. 

Now we have Hbowii that the difference between the linear 
fli8t4iii(-«*K ^iven by the formnlae for straight main lines, and 
thoiM* given by the formuliv for curved main lines, whenex- 
preHWHl ill temiri of the circular measure of the broad-gauge 
mMMingfi, never exeeeiU the difference between 9 and g divided 
liy the circular measure of the crossing, and also that the oo^ 
riH't values of the linear distances for curved main lines lie 
lN*tween thu values given by the approximate formulae and 
those given by the formulae for straight main lines ; therefore, 
without 4h;viatiiig lN*yond the limits of exactness permissible in 
pnieti(*o, wo may use the latter in all cases. 

Through Boads. 

The only class of through roads discussed in Section Y., 
Chapter IV., is that in which the broad and narrow-gauge 
reverse curves have a common springing. If the broad and 
narrow-gauge reverse curves are wholly disconnected, the 
Himplest system is that of two reverse curves meeting at a 
(;onimoii tangent. This system of single through roads is fiilly 
discussed in Chapter IIL, Section V. In the case of the through 
road from one narrow-gauge road to another, we must not sub- 
stitute in the formula), which give the radii of the reverse 
curves, and the intervals between the heels of the switches, for 
ff and 8 the values g — d and s -|- 2 (!, since the space between 
the contiguous narrow-gauge rails of the middle road and the 
outside road is, in one case, 8 -\-d, and the other 8 -\'2d. But 
for 2 (s + g), the interval between the centre lines of the out- 
side broad-gauge roads, we must substitute 2 (s + ^) + ^j the 
interval between the centre lines of the outside narrow-gauge 
roads, in the formula) which give the radii. In the case of the 
broad-gauge road, formulae for the positions and values of b^^ 
b/, 61* and 62** ^^^ i^ the case of narrow-gauge roads, formulsB 
for the positions and values of ni\ n^, wA n^y n^ and n.^^ must 
bo added to those given in Section V., Chapter III. For the 
reasons stated in the case of cross-over roads, this system is 
preferable to the one explained in Chapter IV. 
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The nature of the simplifications requires no special comment 
either in Cases I. or IL of Section V., Chapter IV. 

Since the radii r^^ ri", r^y ra", are connected by the same 
relations, as in the case of cross-over roads, with the exception 
of the equation of relation between the two radii Tiy ra*, so that 



* is not equal to * 



h > 



the values of the fractions :=r — ^ , =r — ^: , — r-^ — ^ , and 

E - ra'' R + n*' ra^-ra"' 

—TT — • > expressed in terms of ra*, r^^ are the same as those 

given for cross-over roads. 

It has been shown in Chapter V. that the radii R, R — s — ^, 
R — 2 (s + <7) may be used indiscriminately in the formuLee 
which give the values of the ratios. 

When s > gy 



r* = 



^r,'g 



^g 



therefore the maximum value of r^ in terms of R is 7^ , . . 

2 (s + (7) 

For the 4 ft. 8^ in. gauge, since ra* cannot be less than 4 chains, 

R cannot be less than 17^ chains. Similarly, it may be shown 

that in the case of the 7 ft. gauge, R cannot be less than 

22 chains. See Chapter V. 3 For reasons already stated in this 

chapter (see Cross-over Roads), ri can never be infinite, and 

therefore R must have always greater values than these. 

Division I. — Formtdm expressed in terms of the radii. 

For positions of heels of switches, fast points, and general 
rules for ascertaining the circular measures and positions of the 
angles of the. crossings of simple junctions and three throws, 
and for ascertaining the relative positions of the heels of the 
switches in the case of three throws, when the clearance remains 
constant, and the ratio of the interval between the centres of 
the rails at the heels of the switches, when the latter are 
opposite one another, see Chapter V., Division I. 
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Cro9§^oter Boads hdwem eomiigmamM Mai»-tine Boada. 

Ca8I L^Main Ih>ads Straighi: DoMs^gamge Cnms-otfer^ h uHdek 
rertrte oirtvf , aeparated 6y an iwlerval of Mraighi, Hart from a 
rtnnmon wynnging. 

If the distance D be given, 

^ ^ 2g(P -ay 

(2g-rf)r* 

•^-—27 — 

Intonral between the springingB of the rerene cnires 

(f + Sj)^^ 

AH the rails are cut by the reverse-cnrye rails of the broad- 
j?ango cross-over ; also the second and fifth S^ S a and Sg Sj by 
the reverse-curve rails of the narrow-gauge road, but the third 
ttud fourth S3 S'3 and S4 S'4 by the straight part of the narrow- 
gauge road. This remark applies also to (/8), and to both (a) 
and (/8), Case II. Therefore, 






n. -n.-/y/ ^ - Vf*(2</-d)' 

/Td / 4dg 



S.6.' = S'.6/= V2.*(</-d), 



S. 6.' = S', 6.* = V2.^^, 



S, 



„.« = S>/ = V 2,-(g-d) = ^^{9-d){^g-d)^ 
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< W = »/ W = 2^8 nearly, 



The distance from the springing of the heel of the switch of 
the narrow-gauge rail, which starts from contact with the main- 
road rail common to both roads, is equal to 



/2fr*(c + /2f^{2g-d){c + t) 
V ,^-r- =V 5 

Similarly, the distance from the springing of the point of the 
fast point of the same rail, and the length of the fast point, are 
respectively equal to 

V d ' 

and 

V ^ ' {Vc + /- Vc + e}. 

- d 

If the distance D be given, 

2s(D-2lf 

'^ ~ 2l • 
Interral between the springings of the reveise cnrres 

{3s + g)V^ 



/2t 



8 






2(</-d) 



n. -n. - V— J= Vr'(2«-d)' 
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/2i / Ads 

».* = ••.= V r* ^ V r»(2» — d)' 



8.6/ = 8'»fc.* = ^^2r*(^-d), 
8.5.. = 8',V = ^^^^^. 



8...- = S;< = V27^^ = ^(0-d)(2s-d)^ 



S.n/ = 8'.n/ = ^i(^ 



cf(2#-cf)f* 



The distance from the springing of heel of switch of narrow- 
gauge rail, which starts from contact with main -road ndl 
common to both roads, is eqnal to 



/ 2r"/(c + ^ / 2r'{28^d)(c + t) 

Similarly, the distance from the springing of the point of the 
fast iK)int of the same rail, and the length of the fast point, are 
re8i)ectively equal to 



V 



2r*(2«-d)(c + e) 



and 



^^•^|V7T*-V7+-4. 



Case I*. — Main Line Straight: Single-gauge Oroaa-over, in which 

reverse curves meet at a common tangent. 

When the cross-over is from one broad gauge to another, the 
formulsB in Chapter V. give the values of the radii r,*, r/, and 
the values and positions of every angle except V and 62^ ; the 
Ci^ and c^ of Chapter V. being identical with 6^^ and 63* of 
Chapter VI. We have therefore only to add 
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V = V , ^^Ji^. 



When the cross-over road is from one narrow-gauge road to 
the other, if we substitute in the formulsB in Chapter V. ^ — (? 
and $-\-2dioT ff and s respectively, we shall obtain the values 
of the radii r,", r^", and of the circular measures and positions of 
the angles ni^ and n2*^; the angles e^ and 62 of Chapter V. 
being identical with ni^ and Wa** of Chapter VI. We have there- 
fore only to add 



Ssn,» = S'^n,* = V2r^, 



S4< = S'^n.* = V2r"d 

Case II. — Main Beads Curved : Dovhle^gauge Cross-overy in which 
reverse curves are separated by an interval of straight, 

a. 8^ g. 

If either of the radii ri*, r^ be known, the other will be given 
by one of the equations 

f 1 = :;;^ z — : ^^ — r . ^2 — 



also 

/' ='^' 2E^ ' '^•-'^' 2B^ 

Angular interval between the springings of the reverse curves 



/ 2By / 2Bg 

~ V r,» (R - r,') ~ V r,' (R + r,' 



) 



Since within the prescribed lunits of exactness it has been 
shown that 
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B"^"R + r/' 



therefore 






».' = «,' 



< = ".* 



S.6.* = 8'. 6.' 



/ 2(R-r.-)(g-d) ^ /4(B-r/)g(y-d) 
~V Br,- V Br,»(2^-<J) 

/ 2(B-r.-)d /4(B-r.»)dg 

"^V Br." ~ V Br,»(2^-d)' 



"2 B r/ (y - d) 
(B - r.') 



S,V = 8'. 6,* 



/ 2Br.*y 
V (B - r.') 



fl.«.-R'«-»- / 2Br,-(g-(i) _ /Br,>(g-d)(2 



9 



-d) 



n*h* = n.*b* 



d 



i ^i — 



2h,' 



very nearly, 



a.v = 8■..,-V^^V^^ 



g -d) 



The distance from the springing of heel of switch of narrow- 
gauge rail, which starts from contact witb main -road rail 
common to both roads, is equal to 



For reverse curves radius r^, r*, /^ 



d 



» 



j> 



^ / 2r,^{2g-d){c+t) 



Similarly, the distance from the springing of the point of the 
fast point of the same rail, and the length of the fast point, are 
respectively 






BEOAPITDLATION OF FOBMULE IN CHAPTER IV. 223 
For reverse cnrves radii r,', r^', 

For the reverse curves radii rj*, r,", 

If either of the radii r,*, r/ be known, the other is given by 
the equation 

»^i = :s^ -, ; ^ — r To = 



' E»-(« + <;)r,' ' B» + (s + g)rr 

also 

,._ . d r.> (R + r.>) df,'(B-r,>) 

Angular interval between the springings of the reverse cnrves 



/ 2R» /_ 

~ V r,' (R - r,') ~ V r, 



2R8 



(R-r,») 'Vr.»(R + r.') 

2(R-r.')(g-d) 
Er' 



X. X. . . /2(R-r,')« 



„. _ ^. - / 2(B-n-)(g-d) _ ^ /4(R-r,>)a(g-d) 
«. - »». - V ^-; V Rr,'(2»-d) ' 



. _ . _ / 2(B-*-.')<^ _ /4 (R - r/) « d 
«, - «i - V Rr," ~ V Rr/(2»-d)' 



/2Rr,'» 



«„. «'^.- / 2Rr.-(y -d) _ /Rr,>(2«-d)(g-d) 
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d 

»• ft/ = »»• V = 2p very noarlj, 



8bm -»•«•. - V(U-r,-)- V (B-r.*)* ' 

Tho clifltanco from the springing of heel of switch of narrow- 
gauge rail, which starts from contact with maiii-road rail com- 
mon to both roads, is equal to 



For tho rovorso corvos r,*, r,", W ^ -= — ^-^ — ' — ^ ; 



»» f» ♦» ^ 



Similarly, the distances from the springing of the point of 
the fast point of the same rail, and the length of the fast point, 
are respectively, 

For iho rovorso onrvos radii ra\ r/, 

/ 2r;(2f-d)(c+e) V2r.^(2^ -d){V^+l - V ^Ipl} 

V d "^^ 7^ ' 

For tho revorso curves radii r/, r,", 

Case II*. — Main Line Curved: Single-gauge Cross-over ^ in which 

reverse curves meet at a common tangent. 

When the cross-over is from one broad-gauge road to another, 
tho formulaB in Chapter V. give the values of the radii ri\ Ti, 
and tho values and positions of every angle except b^^ and 62^ ; 
Ci^ and Ca^ of Chapter V. being identical with 61^ and 62* of 
Chapter VI. We have therefore only to add 
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When the cross-over road is from one narrow-gauge road* to 
the other, if we substitute in the formul» in Chapter Y., g — d 
and s + 2d ior g and s respectively, we shall obtain the values 
of the radii r^ and r^", and of the circular measures and po- 
sitions of the angles Ui and n^\ the angles e^ and ei of 
Chapter V. being identical with n^ and n^ of Chapter VI. 
We have therefore only to add 



"■ -"' - V — b;,"= — ' 



/2(K-r,")d 
"'="■ =V Br.' ' 






Through Boadsfrom one Mainline Boad acrou the other. 

Case I. — JIfatn Line Straight: Double-gauge Through Boad, in which 
reverse curves are separated by an interval of straight : one inter- 
vening Boad. 

a. s ^ g. 

The rails SaS'a, S3 S3, &iS\y and SaS'g, are always cut by 
the rails of the reverse curves, whatever may be the relation 
between E, ri and ra*. 

If the distance D between the points of the switches is 

known, 

17(D-2Z)« 



r = 



r" = 



(2g-d)r- 



2<? 
Interval between springings of reverse curves 

^ 2(«+2flr)V7 

V2^ 

g 
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,,.v = V^^. 



W = V = 




), = n, = A/ — ;- = » 






The circular measures of the twelve crossings of the middle 
rockd are equal to one another and to hi. 



S.V = 8',6.*= V2r»(^-d), 



S.6,»= SVV= V2r*</, 



S,n,' = S',n.'= ^2fg= >/7^g-d). 






^ 9 

Straight lines drawn from h^ to V> and from 62* to 62^, will 
determine the positions of the crossings of the remaining rails \ 
by the broad-gauge raila Lines parallel to these at a distance 

^ ft. from them will determine the positions of the crossings of 

the remaining rails by the narrow-gauge rails. 

- ^ 

Hie rails Sa S's and Sh S'h are cut by the rails of the reverse 
curves, the rest by the straight part of the through road, except 
in the case of the crossings n^^ and wj. 
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If the distance D be given, 

2(2»H-s^-2V«(c + 0y' 

(2,-d)/ 
'^- 21 

The interyal between the sprmgings of the reverse ciiryes 

a/~28 






«. = »/ = ^ j^^ - Vr'(2»-d)' 



r''(2«-d) 



The circular measures of the angles h^, hi, n^ and »2'» and 
of the remaining ten crossings of the middle road, are equal to 
one another and to b*. 



S.6.* = S',6.' = V2f*(<)i-d), 

V2< 



S,b* = S',6,* = V2r'«, 



» 

Straight lines drawn from h^ to V, and from 62* to V, will 
determine the positions of the crossings of the remaining rails 
by the broad-gauge rails. Lines parallel to these at a distance 

Q 2 
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^ from them will determine the positions of the crossings of the 

remaining rails by the narrow-gauge rails. 

The distances of the heel of the switch, of the point of the 
fast point, and the length of the splay of the last, of the narrow- 
gauge rail, which starts from contact with the rail common to 
both gauges, are the same as those given in (a) and ()8), Case I., 
Cross-over Eoads. 

Case II. — Main Line Curved: Double-gauge Through Boady in which 
reverse curves are separated by an interval of straight. 

a. s>g. 

The rails S3 S3 and S7 S^ are always cut by the straight part 
of the narrow-gauge through road. 

The rail Sg S'2 is always cut by the rail of the reverse curve 
radius r^. 

The rail Sa S'g is cut by the rail of the reverse curve radius r^*, 
if 

The rail Sg S'g is cut by a rail of the straight interval, if 

2r,^>E-2(« + ^). 

Whatever may be the values of the radii, 

,„ . d r," (R + r,") d r/ (B - r/) . 

Angular interval between springings of the reverse curves 



/ 2 Eg _ / 

~ V r ' (E - rJ) V i 



2R^ 



r/ (R - r,') 'V r/ (E + r,") 

Ist. 2r,"<R -2(s + sf). 

,; = /2(R - r/)(i^^) 



h 



Er,' 



"'■ - ••■ = V^,^ 
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6. _ „. _ 6. _ «, _ y _5 . 






2Bg-2r,*(8 + g + d) 
Br,» 

2Rg-2r.*(g+2 g) 
Bn» 



"' -"** - V b7? — ' 









_ ^ / 2(R + r.')(g-d) 
"• ~ V B7? 



/ 2 (R - r.-) (g - d) _ / 4(B - r.')g(g - d) 
' V Br/ ~V Br,'(2</-d) 

/2JR2M1 / 4(R-r/)gd 

"' - V EiT - V Er/(2j,-d)' 

/ 2(B + r.')d _ / 4(B + r.0gd 
' ~ V Rr.« ~ V Br.' (2 <^ - d) ' 



^.- ./ 2 (« + »•.') (g-d) /4(B + r.')g(g-d) 

'~V Br." -V Er,'(2g-d) 

2nd. 2 r,' > E - 2 (« 4- gi). 

/ 2Bg + 2r.'g33^ 

•^ =V e7? 



„ ,. /2B^g 
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8'.6-(B-.-.)|6;V;i^^^}' 

R' bj - /lEfU 



^•*' -V B + r.' ' 

/2 Br.'(g-d) _ / Br.'(g-d)(2g-d) 
**•*'- V ~ B-V V (B-r,')j, ' 

/ 2Br.'d /Br,>d(2j3^ 

**•"» - V"b377- =V (B-r.')y ' 

**'*• - V B + r.- - V (B+r.')j^ ' 



/2Br.'(g-d) /Br.'(g-d)(2y-d) 
^•"* =V E + r.- =V (B + r.') g 

This value of S'g n2 only refers to the case of 

Straight lines drawn from 61^ to 61®, and from 62* to 62', will 
determine the positions of the crossings of the remaining rails 
by the broad-gauge rails. Lines parallel to these at a distance 

^ ft. fix)m them will determine the positions of the crossings of 

the remaining rails by the narrow-gauge rails. 

The rails S2 S2 are always cut by the rails of the reverse 
curves radii r«* and r*. 

The rail Sg S'g is cut by the rail of the reverse curve radius r*. 

The rail Sg S'g is cut*by the rail of the reverse curve radius r,", 
when 



I 



I 
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The rail Sg S g is cut by a rail of the straight interval, when 

6r,»>E«2(« + sr). 

Whatever may be the values of the radii 

'^^ " *^' 2R^^ ' •^^ - *^- 2B^~ • 

Angular interval between springings of reverse curves 



/ 2Bg _ / 2Rg 
" V r,*(R - r/) V r,*(R + r/ 



) 



let. 6 n* < R - 2 (« + gr). 



^^ " V R^T 



6.' = ».» = ^■ 



2B«-2r,*(«4-g) 
2Bg-2r,*(g + g-t.<i) 



*'-"'- V Br.' 



6, - «. - V Br,» 
V = »,' = >/ 



2B«- 2r,»(«-t-d) 



i,7_„7_ ,2B«-2r,'(2« + (/) 



= V = \/- 



Br,' 



/ 2(B + r.')(g -d) 

"* - V b77~ 
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>. - /a (H-r.-)(g-d) _ / 4(R-r,'),(ff-d) 
' " V R r,* V B r,* (2 * - d) 



/ 2(B + r.')«l _ /4(E + r,-),d 
''*V Ur," ~VBr,'(2*-d) 



/a (B-f/)d _ /4(B-r.>)«d 
• ° V Rr/ ~ V Br,»(2* - d) 



/ 2(R + r.-)(y-«0 _ / 4(B + r,*)»(y - d) 
'~V 517 V Br,»(2#-d) 



2nd. 2r,' >B-2(« + 9)- 



»/ = \/ 



2K«+2r,'^-3r/«l 



Rr,' 



— • 



„.. / 2Bf.>(g-d) 

^'*' =V B-r.' ' 



S'^''=«|\/r7(5?^-'"'l' 



S, 



1.4 /21tr.'« 






SVV = {B - 2 (« + J?)} jft/ - ^-, 



2B« 



(B + r.') 



A\ I 9 



S'.6,' 



=v 



2Br.*(g"-d) 
Br.' 



,_ / 2Br.-(g-d) / Br.'(2«-d)(y -d) 

"•"' ~V (R-r,») ~V (R-r.')« ' 



„ , /2Rr,"d /Rr,''(2«-d)d 
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-d\d 



/2Br.'d /Br.'(2»-d) 

"'"• ~ V B + r.- - V (E + r.') « 



o, ^. / 2Br.'(g- d) /Br.>(2«-d)(g-d) 

This value of S'g ^2® only refers to the case of 

Straight lines drawn from fc^^ to W and from 62* to 1)2^ will 
determine the positions of the crossings of the remaining rails 
by the broad-gange rails. Lines parallel to these at a distance 

^ ft. from them will determine the positions of the crossings of 

the remaining rails by the narrow-gauge rails. 

The distances of the heel of the switch, of the point of the 
fast point, and the length of the splay of the last, of the narrow- 
gauge rail, which starts from contact with the rail common 
to both gauges, are the same as those given in (a) and (/8), 
Case II., Cross-over Beads. 

Division 11. — Formulas expressed in terms of the drcviar 

measures of the angles. 

For formulae relating to fast points and the radii of the 
curves, see Chapter V. 

Single-Une Junotiona, 
Whether the main line be straight or curved, we have : 

Case 1,—Branch Eoad turning from Bail common to both Boads. 






'^' = '''\/^d = 'Wr 



_ , 1,/g-d {Vg-d- Vc + <} _ 2 > /g{^g-d- Vc+<} 
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C* C» 



Casb IL — BraamA Boad turmmg iowardi ike Bail common to both 

Boad*. 



% - v 



g-d 



9 



H.C. -; = ^^j 

TT ,._2 Vg-<^ (-%/g^- vh^ 2v^(v7^^- Vein) 

O-tCt - — = — 



DoMe-Une Junctions. 

Whether the main line be straight or curved, we have. 
If the circular measure of the angle e' be given, 



8 . 
1 


= C.': 


-■V/-,- 


.4 
1 




= ''Wiii- 


. & 
1 


-V^!4-' 




C,«: 


-.■./•+"« 
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C**-C/-C.»y^— -^, 



-•"■■"■• V'^,' 



, , /s + 2d 



c,* 



^''s/^h' 






llgC, = lleCs = Tjj 



C. 



MgCj = rl6C4 = 7^ 



c, 



tl^c^ = ±1«C8 = 7^ 



c, 






c. 






c, 



Lg Cg — II5 C4 — 2 > 



■"4 ''a — ■"» Cg — J 

Ci 



H,c. 
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If the circnlar measore of the angle e^* be given. 



e « = e,' = «.• \// ^ 



+ 2g' 



c/ = e/ = c.'>^- ^ 



+ 2g' 



'■* = *•' = ''Vr^* 



c. -<■» - c. V ,4- 2a 



e.' = e/ = c,'^ ** 



+ 2jy* 






+ 2y' 



. . /H-2d 



-•* = *'' W7T2d ' 



H,c,' = H,c.« = 



2 V«+2sf (VflT^ - Vc + 



c* 



. _ 2V« + 2g(Vg- Vc + 



c, 



H r* - TT .• - 2Va+2y(V^ + ^- Vg + 



TT..«-^^« + 2 g(V«+ 2 g- Vc + 



H.c« = H,c.» = 2Vj+li/(V d- Vc + 
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XX . XX . 2 v7+2^(V7+d - V7+ 

ll^Cj =3 MjCs = 75 > 

^ 2 V7+27( V8 + 2d- V7+1) 
H,c. = ^^5 , 

For the positions of the heels of the switches and the points 
of the crossings, see Chapter V. In order to apply the formulsB 
there given, we must look upon the double-gauge three throw 
as made up of thtee independent three throws. 

1st Broad-gauge three throws. The crossings belonging to 
this are 



C' i»9 /%9 

1 2 



2nd. Narrow-gauge three throws. The crossings belonging 
to this are 



^f-* 4*9-^ /•*-<* 

1 8 



3rd. Three throw between the rail, whose centres are sepa- 
rated by the interval d. The crossings belonging to this are 



fd ^d ^d 
I 1 



The circular measures of these angles are connected by the 
following relations : 

When e/ and e/ are given. 



a 8 V gr 

I ^ ^ 9 

a I V flf 
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\Vlien tf/"* and c/"* are given, 



■< = 'v-Vj^' 



•': = '^r\/rb' 



•':-rV^.' 



'/=-^r\/r^- 



The above relations hold whether the branch roads tnm in 
the same or in opposite directions. When they turn in opposite 
directions, 



V 


1 a 


■y'(^': 


a 

-d 


9 




/(a 


9 


a av 
^ 1 ^ ff 1 


'# 


1 


rV" 


r + C/ 1 

1 a / 






a 
-d 





< 


1 8 




= . /<-^+ 


^■) 





When they turn in the same direction, 

r 



8/ = V c/ - C/ = a/ -Aj ^ — / , 

» 1 V a — d 



^ / i 5 / {9-i) U' ~ c/) 

■ » I ▼ a 



RECAPITULATION OF PORMULiE IN CHAPTER IV. 239 

e/ = V c/ -€/ = </ _^_« -J— J 

3 1 V g — d 




{K- ^) 



In applying the formulsB in Chapter V. to ascertain the 
positions of the heels of the switches and points of the crossings, 
the exact values of the circular measures of the crossings, deter- 
mined in terms of the circular measures of the two, whose 
values are given, must be used. For ff in Chapter V. we must 
substitute g, ff — d, and d, in Cases I., 11., and IIL respectively. 
Thus the formulae for the positions of the crossings in the 
special cases chosen for the written rules in Division III. are : 

I. — Branch Bociis curving in opposite directions. 
JbLjC/ = ±l,c/ = -r > 

I 

H.C/ = H.C/ = -y-^ , 

I 



H.c/-'' = H,c; 



I 



-. 2Vg(Vg-d- >/2(c + <)) 



C/V2 



„ . „ . 2 Vg (Vd - >/7+<) 

1 i Cr 

1 

„ . „,. 2 Vg (Vd - V2^+7)) 
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11.— Branch Beads euroing m the tame direction. 



H.C/ = H.c; 



^_ 2Vg(Vg-'/c+<) 



c/ 



_ , aVg(Vg-V2(c + 0) 

H,c/ = — — 7= » 

» c,'V2 

1 

1 

_ ,_, 2Vg(Vg-<^- V2( c + 0) 

« C/V2 



^ 2Vg(Vd- Vc + 



H.«v' = H,c/ = 



2Vg(V d-V'2 (c+0) 
H.c,^ ^-, 

1 

The suffixes to the letter H refer to the cases of either both 
the branch roads, or the road radius ra, turning from the rail 
common to both roads. When the reverse is the case, the 
formuko will remain the same, but we must interchange the 
suffixes 3 and 1, in order to make the symbols in the formulae 
agree with those in the figures. 

When the branch roads curve in opposite directions, if 
0/ = c/, then also cf^ = c/~' and c/ = c/. The crossings 

12 12 11 

c/, c/"** and c/ are at the same distance from the springing as 

111 1. o o 

the crossings c/, e/~^ and c/ respectively, and the heels of the 

S 8 2 

switches are opposite one another. Also 



I 1 V flr — a 



9- 



■' = c-V2 = c/V^^^^^' 
I I V ^ 

./ = c;V2 = c.Vl? = .,-V^- 
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When the branch roads curve in the same direction, if 
<?/ = (5/ V^ then also c/"' = cr* V2, and c/ = c/ V2. The 

S 1 2 1 Si 

crossings c/, (?/"'' and c/ are at the same distance from the 
11 I 

springing as the crossings c/, c'^* and c/ respectively, and the 
heels of the switches are opposite to one another. Also 



''' = "': = *'<■ Va-Td- 



1 1 V 



g -d 



Cro89-<»}er Boads : Double Gauge. 

The following formnlsd are given in terms of bi^ only. They 
are more simple than those in terms of bi\ 
Whether the main line be straight or curved, 

a. 8 >> g. 

Interval between the heels of the switches 






V = V = V/y/^^, 



'•'<-'W'^' 



2 V^ (^g-d - Vc + 



H,V = H',6,* = 



W 



2 V<7 (Va - Vc4-/) 



R 
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H -. _ H' .* - Va(2g-«o(Vd- V7+1) 

». 6. -".ft. - 2^,- 
Inteml between the heeb of Utta switches 



3» + g-4V<(c4-<) 



6.. = V = t..y<£^. 



«. -«. -6. V 2»-d ' 



H.6.' = H'. V = 2 V« ( V J^ - V^+<) 



fc. 



H.b.' = H',6.* = ^, 



Han, = ±l4»i = :gi J 



2V 



Since in the formulsB, which give the position of the heel of 
the switch, of the point of the fast point, and the splay of the 
fast point of the narrow-gauge rail SiS'5, the radius of the 
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broad-gauge reverse curve appears as a simple factor, no one 
set of formulsB can be obtained applicable equally to curved 
and straight main-line roads; consequently we have the two 
cases: 

Madn Boads Straight, 
a. 8 > g. 

The interval between the heels of the switches of the rails 
Si S'g and Si 8\ is equal to that between the heels of the 
switches of the rails S2 S'g and S3 S'e , and to 



C-^^-^')^^-(V^-0 



2V^(c + 



w 



The interval between the heel of the switch of the rail Si S'4, 
and the point of the fast point of the rail Si S'5, is equal to that 
between the heel of the switch of the rail S3 S'e, and the point of 
the fast point of the rail S2 S'e, and to 



2Vgr(2^-d)(c4-e) 2A/g{c+ t)J / (2gr-ci)(c4-e) ^—\^^/g 

The length of the splayed part of the fast point of the rail 
Si S'5 is equal to that of the rail S2 S'g, and to 



h,Wd 
- ^ 

The distance between the heels of the switches of the rails 
Si S'5, Si S4, and S2 Sg, 83 S'e, see (a), is equal to 



^ h,Wd ^ ^ \^ d / 6,* 

The distance between the heels of the switches, and the points 
of the fast points of the same rails, see (a), is equal to 

2Vg(2g-d)(c+e) 2 Vg(c4-0 / / (2g-d)(c4-e) / jN 2V« 

R 2 
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The length of the splayed part of the &si pointy see (a), is 
eqoal to 



Main Boads Curved. 

The distance between the heels of the switches of the rails 
Si S'5 and Si 8^4, radius of reverse curve ri^ is equal to 



V 



2 (2 g - d) (c -i- <) f.* 2Vg(c-fO 
d b* 



The distance between the heels of the switches of the rails 
Sj S'e and S, S'(, radius of reverse curve r*, is equal to 



V 






The interval between the heel of the switch of the rail Si S'4, 
and the point of the fast point of the rail Si S5, radius of reverse 
curve r2, is equal to 



v/ 



d W 



The interval between the heel of the switch of the rail S3 Sg, 
and the point of the fast point of the rail S2S'e> radius Vi, is 
equal to 



V 



2 (2 g - d) {c + e) r," _ 2^/g(c+t) 
4:g-d W 



The length of the splay of the fast point of the rail Si S'^, 
radius r,", is equal to 






B,b,*+2g 
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The splay of the fast point of the rail S^S'^, radius ri", is 
equal to 

2 Vk7 



Vm (^H^ - ^^) 



VR6,»-2(7 



— d 



The distances between the heels of the switches of the rails 
S1S4, SiS's, and SaSg, SaSg, radii ra*, V respectively, are, see 
(a), equal respectively to 



V 



2 (2« - d) (c + r/ 2 V2 « (c + <) 



and 



/ 2 (2g - d} (c + t) r," 2 V2 g (c + <) 
V 4«-d V * 

The distances between the heels of the switches and the 
points of the fast points of the rails S1S4, SiSg, and SgS'g, 
SaSfi, radii r2 and Vi respectively, are, see (a), equal respec- 
tively to 



V 



2 (2 « - d) (c + e) r,* 2^/g(c + t) 



d V 

and 



V 



2 (2 g - (Q (c + e) r^^ 2 >v/gf(c + 



The lengths of the splay of the fast points of the rails Sj S'4 
and SaSg, radii ra", Ti respectively, are, see (a), respectively 
equal to 

/^B'-d ( ,—— i—7-'\ 2 VR^ 

V d ^ ' VRV+2» 

and 

V 4»--d ^ VR6/-2« 
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CroM-owr Boadt: Single Oauge. 
Narrow Oauge. 
lutorval botwoon the heels of the switcheB 

_ 2 ./g'pi y2 {$ + g + a}-2VT+t} 

- - ■-- - _• 






Mt — III , 



ir «• - W «.» - 2 '^9-d{^g-d-^e+t) 

Xl« fl, — XX 9 fig — --J y 

Mall, = ±l«na = —5 , 

•1 

Broad Oange. 

The intervals between the heels of the switches and the 
positions of the broad-gauge crossings are given in (a) and (^), 
Division II., Chapter V. For the crossings of the narrow-gauge 
rail, 



a. 9 ^ g. 



V = 6.» = 6.' y^i 



-d 



H. V = H', 6, 



2 V? (Vg-d - ^/c + t) 



fi. « < flr. 



6.' = 6.' = W\/^-j^ 



Through Boada. 

The formulae for the through roads expressed in terms of the 
circular measures of the leads of the crossings, except when 
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the main line is straight, are no simpler than those expressed 
in terms of the radii, and therefore useless for the object in 
view, viz. the attainment of simple formulae for tiie use of the 
foreman platelayer. All double-gauge through roads ought to 
be set out by the engineer in charge. 

Division III. — Nvmerical evaluations of the coefficients in the 
formvlasfor 4: ft 8^ in. narrow-gauge roads, and 1 ft, Iroadr 
gomge roads, and application of the restHts to simple cases of 
common occv/rrence. 

The mixed-gauge road chosen for illustration is the combina- 
tion of the two roads selected in Chapter V., viz. the 7 ft. and 
4 ft. 8^ in. gauge. Therefore ^ = 7 ft. 3 in., g ^ d^=5 ft., 
and d[ = 2 ft. 3 in. The constants have the values assigned to 
them in Chapter V. 



V 



i^= -83 = 1. 



^i= -56 = 1. 



'Tg yj^^ - 'JT^t) = 4-37 = 4f ft. 
V? (V?- VH^) = 5-6 = 5f ft. 
V^ {'J'd - 'fc^i) = 2-39 = 2| ft. 



\/7^=l'«^=lA*- 



V^ 



J- = 1-76 = IJ. 



V 



'-±^ = 2-02 = 2. 
g -d 



V; 



8 + d 

-^ = 1-28 = li. 
g — d * 



V 



g - d * 
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\/^ = 



vr^ = 



11 =1^. 



67 = A. 



i/g -'di^^g ^d^ V« + 



»Jg-d {j/g - Ve + 



Va-^(V« + a — Vc4- 



A-d (^/rPT+d - Vc + 



^^-cl(/f+2^- ^c + 



V7^(Vd- Vc4- 



^g ''d{^$-^d ^ 4/c + 



V5r-d(A+2d- Vc + 



^g — d (V« — ^c + 



= 3-63 = 8f ft. 
= 4-65 = i^ft. 
= 6-77 = 6f ft. 

= 7-43 = 7f ft. 
= 8-75 = 8f ft. 
= 1-98 = 2 ft. 
= 505 = 5 ft. 
= 5-87 = 5^ft. 
= 4-11 = 4^ft. 






• + 2<7 



= -6 = f 






V 






= -87 = A. 



■nr* 



V: 



»+2<7 



/^ + d_ 



= -33 = A. 



TTT' 









= -63 = 1. 



— .70 _ 7 

- '-^ - TXT' 



8 



. _ .K4. _ 8 
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^8+2g(^8 + g- ^/e + 



^8+2g{^8 + g + d^Vc + 



V« + 2sf(Vf + 2^- Vc + 



V« + 2sr(Vd- Vc + 



V« + 2sr(V« + ^- Vc + 



V« + 2sr(V« + 2ci- Vc + 



V« + 2sr (V«- Vc + 



3« + gr-4V«(c + 



= 7-35 = 7fft. 
= 9-40 = 2fft 
= 13-70 = 13^^ ft. 
= 16-06 = 15 ft. 

= 17-73 = 17|ft. 
= 4-02 = 4 ft. 
= 10-23 = lOJft. 
= 11-90 = 11^^ ft. 
= 8-32 = 8Aft. 
= 19-26 = 191ft. 



V 



g -d 

8 



= -91 = 



9 
TTT* 



V 



28~c2 



= 1-01 = 1. 



V« (V^ — d — Vc + 



A. 



3-98 
5-03 
2-77 



4ft. 

5ftL 

2|ft. 






IS^ . 6-10 = 
a 



'4^ = 1-64 = 
4« — a 



SiV. 



H. 



V«(c + = 1-50. 
V«(c + e) =: 1-09. 

613. 

445. 



Vc + < = 



Vc + « = 
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^g {^^~g - V2(c + 0) = 4-92 ft 

H (V7^ - V2(c+0) = 3-69 ft 

^~g {^2 - V2(c+0) = 1-69 ft. 

VT^TS {v"2(r+7+d) - 2 Vc+7} = 9-71 ft. 

2 Vf {V2(f + ^) - 2 V7+7} = 19-22 fi. 

Numericai BiaUs. 

The foreman platelayer, who has carefully studied the ex- 
planations given in Division HE., Chapter Y., will readily 
understand the meaning of the symbols used for double-gauge 
roads, since they are formed on the same principle. Thus in 
single junctions the first rail of the branch line cuts two rails, 
the second, one. In double junctions the first rail of the branch 
line cuts five rails; the second, four; the third, three; the 
fourth, two ; and the fifth, one. The main-road rails are num- 
bered after the branch-road rails which they meet at the point 
of the switch. 

In the case of the three throws, the letter g is used as a suffix 
for the symbols of the middle crossings, because a broad-gauge 
rail is always one of the crossing rails. If the letter m had 
been used, the meaning might have been more clear at first 
sight, on account of the previous use of the same letter in a 
similar symbol. Thus we should have had, instead of c/, c/"**, 
c/, which represent the crossings of a broad-gauge rail by a 
broad-gauge rail, a narrow-gauge rail, and a d ft. gauge rail 
respectively, the symbols cj', o^'""'', cj. 

In order to shorten the written rules, instead of writing the 
lead, position, &c., of the crossings e^^ e^, &c., the simpler 
expression lead, position, &c., of Oj, of ei, &c., will be used, and 
the numerical values expressed, not in words, but numbers. 
The following symbols, instead of words, will also be used : 

Multiplied by x 
Divided by -^ 
Equal to = 

Plus + 

Minus — 
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For the rules for finding the radii of the curves, the lengths 
and positions of the fast points, see Chapter V., Division III. 
If the circular measure of c^ be given, the 4 ft. 8^ in. gauge 
formulaB must be used ; if e^^ the 7 ft. gauge formulae. 

Single4ine Junctions. 
Branch Boad turning from Bail common to both Boads. 

EULE I. 

Lead of Cj" = lead of Cj' x IJ. 





a 


C2 — „ 
BtTLE 11. 


Cj^X 


If- 






Distance oi 


'c.' 


from heel = 


lead of 


c* 


X 


8|ft. 


j> 


c.» 


>5 — 


» 


«•• 


X 


ll^ft. 


>» 


c» 


» ~ 


99 


«.» 


X 


4|ft. 



Branch Boad turning towards Bail common to both Boads. 

EULB I. 

Lead of c,* = lead of Cj* x If. 

EuLB n. 

Distance of Ci* from heel = lead of c,* x 4^ ft. 
„ Cj „ = « ^^i X 111" it. 



C2 99 = » Cj» X 8| ft. 



Double-line Junctions. 
When the lead of the crossing c^ is given : 

EmiE I. 
Lead of Cj* = lead of c/ = lead of c/ x |. 



» 


c,* = 


JJ 


C' = 


J> 


C.' X i^. 


» 


c.' = 


» 


c.' = 


» 


Ci' X f 


>J 


c.' 




= 


» 


Ci* X i- 


JJ 


c.* = 


» 


c,» = 


)) 


c.» X If 


» 


c* = 


» 


c.' = 


>5 


«.* X |. 


» 


c» 




= 


>J 


c.* X |. 


J> 


A,* 




= 


)> 


".' X H- 


» 


c,' 




= 


J> 


c,K 
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Rnu n. 

DisUaoe of e* from heel = distanoe of e* = lead of c,* x 7|^ ft. 

C* X 9 A ft 

c.» X 13i ft 

c.« X 14f ft. 

e.' X 17^ ft 

c.' X 4 ft 

c.' X lOiV ft- 

c.' X Hi ft 
c.*x8ift 

When the lead of the crossing «i* is giren : 

Bulb I. 
Lead <tf C* = lead of e,* = lead of c,* x 2. 



w 


c* 


M 


= 


99 


c: 


= 


99 


» 


e,* 


99 


= 


99 


c,' 


= 


99 


n 


«.• 


99 


S= 


99 


c' 


= 


99 


n 


C* 


99 








^ 


99 


w 


«.• 


99 


= 


99 


c/ 


= 


99 


99 


«.♦ 


99 


= 


99 


c' 


= 


99 


99 

99 




99 
99 








^. 


99 
99 



99 


c.* 


= 


99 


c: 


= 


99 


«.' 


x 


1§. 


99 


«/ 


s: 


99 


e: 


= 


99 


c.* 


x 


n- 


99 


c.» 


= 


99 


e: 


= 


99 


c.' 


X 


u- 


99 


cf 


= 


99 


c: 


= 


99 


c.' 


X 


3^. 


99 


Ct* 


= 


99 


«.» 


sr 


99 


c.' 


X 


IS- 


99 


e," 








=r 


99 


c." 


X 


If. 


99 


V 








= 


99 


c.* 


X 


n- 



Etjlb n. 
Distance of c* from heel = distance c^ = lead of c/ x 14^^ ^*' 



99 


<•.• 


99 


99 


c/ 


99 


99 


c.» 


99 


JJ 


«.' 


99 


99 


c,' 


99 


99 


c* 


99 


99 


c' 


99 


99 


Ci* 


99 



99 


c/ = 


99 


c.« X 18^ ft 


99 


C' = 


99 


c' X m ft- 


99 


c/ = 


99 


c,' X 30-^ ft. 




^ 


99 


c,« X 35^ ft. 


99 


c,» = 


99 


c,« X 8 ft. 


99 


c.» = 


99 


c.« X 20^ ft 




= 


99 


c.« X 23| ft. 




= 


99 


c,« X 16| ft. 



The two cases of the siding road from one main-line road 
across another, discussed in Chapter V., are included in the 
formulsB for double-line junctions, when the siding road is 
curved. When the siding road is straight, after leaving the 
second or third rail, the formulae are too complicated to admit 
of much simplification in terms of the leads of the crossings. 

It may be useful to note the connection between the lead of 
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the crossing c^ and that of the crossing of the sixth rail of the 
main line by the centre lines of the branch road. 

Lead of c^ = lead of crossing of sixth rail by centre line of 



double-line branch road 



[xf 



Lead of c^ = lead of crossing of sixth rail by centre line of 1 
broad-gauge single-line branch road, which starts from Si Sg j ^* 

The above relations hold true also between the lead of Ci* and 
those of the same crossings, in the case of broad-gauge single- 
gauge roads. 

The first relation holds true also between the lead of Ci and 
that of the centre line of the double-line branch road, in the 
case of narrow-gauge single-gauge roads. 

The second becomes 

Lead of c^ = lead of crossing of fourth rail by centre line of ) ^ ^ 
single-line branch road, which starts from Si Sg .. .. j ^ ^^' 

Three Throws. 

When the branch roads turn in opposite directions, and the 
lead of the crossing c/ is equal to that of the crossing c/ : 









EULB I. 








Lead of 


1 

1 
0/ 


= 


lead of c/-** 

t 

S 


= 


leaf! of 

9i 


Cr' X U. 

e/ X If. 

1 

c/ X f 

1 


» 


c/-" 






= 


» 


0/ X -^. 

1 


» 


«/ 






= 


n 


c' X H- 

1 



Bulb IL 
Distance of c/ from heel = distance of c/ = lead of c/ x H^^ ffc. 

1 2 1 

» w » — » 

1 • 

» ^g » 

n ^g » 



Cr'- 

s 


I _ 


n 


c* X 8| ft. 

1 


Cr" 

s 


^ 


M 


c/ X 4* ft. 

1 




= 


» 


C,' X 6^ ft. 

1 




5= 


»> 


e/xHtt. 

1 




= 


w 


er'xn& 

1 
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When the branch roads turn in the same direction^ and the 
lead of the crossing c/ is eqoal to that of the crossing c/ multi- 

2 1 

plied by ^ • 

EULB L 

Lead of c/-** = lead of c/"** x ^ = lead of c/ x A- 

n 



99 



c/ = 


99 


1 


1 


s: 


99 


1 


cj 








^ 


99 


1 


c/-- = 


99 


1 




= 


99 


c/ X li. 

1 


c/ = 


99 


C' 




= 


99 


c/ X If. 



RULB II. 

Distance of c/ from heel = distance of c/ = lead of c/ x ll^fi;- 

s 1 



99 



99 W 99 99 



c/- 



99 



99 W 99 — 99 

1 

99 W )> — 99 





99 


1 
Cr'- 

1 


■'xSift. 


= 


99 


I 


X5jft. 


c/ = 


99 


Cr' 

1 


X4jft. 


zz 


99 


Cr' 

1 


X2ffl. 



Cross-over Boads : Single-gauge Cross-over. 

Narrow Gauge. 
If the lead of the crossing Ui be given, 
Interval in feet between heels of switches = lead of n^ x 19|^ ft. 

If the interval between the heels of the switches be given, 

Lead of n^ = interval in feet -7- 19f ft. 
Lead of Wi" = lead of n^ = lead of Wi* X ^, 
„ na» = „ til* = „ V X 1^. 

Distance of Wj* from heel = distance of w^* = lead of 1*1* x 7 J ft. 
Wi» „ = „ 7^* = „ ni» X 9^^ ft. 

99 W2' „ = „ n* = „ ni« X 4 ft. 

Broad Gauge. 
If the lead of the crossing l^^ be given. 
Interval in feet between the heels of the switches = lead of 2^i® x 19 ^ ft 
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If the interval between the heels of the switches be given, 

Lead of 6i' = interval in feet -f- 19 J ft. 
Lead ofW = lead of V = lead of 6i» x li ft. 

Distance of hi* £rom heel = distance of h^^ = lead of ^i'^ x 8| ft. 

V „ = „ V = „ V X Hi ft. 

Double-^auge Cross-^wer. 
If the lead of the crossing b^^ be given, 
Interval in feet between the heels of the switches = lead of &|" x 19^ ft. 

If the interval between the heels of the switches be given, 

Lead of h* = interval in feet -7- 19^ ft. 
Lead of W = lead of V = lead of h^ x 1^. 

» Wa = ,9 ^i = 99 ^1 X ly 

„ W> = »,* = 6s* = 6^^ 

Distance of h* from heel = distance of b^^ = lead of bi* x 8 ft. 

V „ = « V= „ 6,»xl3ift. 
«i" ,, = „ ««'= „ Vx7^ft 
«a'» „ = „ til* = „ hi"" X 3^ ft. 

Distance of «i* from V = distance of ««* from 6/ = lead of 64* x li ft- 

The interval between the heels of the switches, of the cross- 
over rails, which start from contact with the common broad- 
gauge rail, and the length of the splay of the fast point, are 
given by the following formuleB : 

Main Line Straight. 

Interval between heels of switches = lead of b^ x 3^ ft* 
Interval between heel of switch! _ 11 #1. 

and point of fast point .. ) 
Length of splay of fast point = „ 6^* x If ft. 

Main Line Curved, 

For reverse curve, which curves in the same direction as the 
main line. 



n 
if 
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Intenid between heels of Bwitches is equal to 



VradioB of reyerae carve in feet x 1} — IgbA of hg* x 3 ft. ; 
Interval between heel of switch, and point of &st point, is equal to 

VradiuB of reyerae curve in feet x 1^ ~ lo&d of 6/ x 3 ft. ; 
Length of splay of the fast point is equal to 

V radius of royerse curve in feet x i • 

For reverse curve, which curves in the opposite direction to 
the main line, 

Interval between heels of switches is equal to 

Vradius of reverse curve in feet X f ~ ^^^^ ^^ W X 3 ft. ; 
Interval between heel of switch, and point of &st point, is equal to 



V radius of reverse curve in feet X t ~ ^®*^ ®^ ^* X 3 ft ; 
Length of splay of the fast point is equal to 

V radius of reverse curve in feet x i f%* 

The radii rj*, r^* must be found by means of the formulsB for 
broad-gauge roads given in Division III., Chapter V. If the 
length of the splays of the fast points be given to the foreman 
platelayer, the following rules will show him how to put the 
fast points in their proper position : 

Bule L — ^The fast point with the longest splay belongs to the 
reverse curve, which turns in the opposite direction to the main 
line, when the main line is curved. 

Buh 11. — The clearance at the point of the fast point must 
be 2 inches. 

Bule III. — Put all the crossings in their proper position, and 
the switches and stock rails of the two inner rails of each main 
road. Top and straighten the rails of the broad and narrow 
gauge cross-over from the points of both sets of switches past 
the last crossings of the opposite main road. The gauges will 
determine the positions of the remaining part of the cross-over, 
and of the fast points. 
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Shortly will be published, a Pocket-book of Tables, constracted 
from the Fonunlffi in Division II., Chaptere V. and VI., of this 
book, for all the Prindpal Ganges used at home and in tiie 
Colomee, for the use of Platelayers. 
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